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カやスプラズマによる Si及び、SiOz膜のエッチング
小山聡・梶原義則・南条淳二・野村滋・原進一
Gas Plasma Etching of Si and Si02 Films 
Satoshi Koyama， Y oshinori Kaji wara， J unji N anjo， Shigeru N omura 
and Shin-ichi Hara 
Abstract 
The depend巴nceof etching depth on the positio日sand on the quanti ty of materials to be etched， fOl 
plasma巴thing，has been inv巴stigated. When N identical wafers of silicon are etched simultaneously， the 
etching depth is subject to the following experimental formula D =9600N-o.79(A)， where D is etching d巳pth
and N isthe number of identical wafers. It has been shown that for uniform etching of al wafers， spaces 
b巴tweenwafers need over 2.5 cm 
Pl旦smaetching characteristics of anodically oxidized silicon and thermally grown silicon dioxid巴 are
studied compared with the conventional chemical etching. Etching rate of anodically oxidized silicon in 
plasma巴tchingis small巴rthan that of the thermally grown silicon dioxide， but in chemical etching， this 
relation b巴comesreverse. It has been suggested that the pr巴senceof th巴watermolecules and OH radicals in 













そこで，本研究ではフレオン 14力、ス (CF4) を用いて，多数の基板を均一にエッチングする
条件をガスの流れを観察し求めた。また，シリコン熱酸化膜はオーバーエッチのストッパーと







































































Freon-14 gas plasma etching for Si 
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で3枚の基板を用意し，先ず Zone1の場合(図 4)，基点に先頭の基板を置き図 5の如く 2枚目，
3枚目の基板の間隔を拡げてエッチングをしたときの特性を調べた。次に同様な方法でI，!I， 
Wの各Zoneについても調べた。結果は図 6，7， 8， 9に示す。
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Fig.l0，1 Etching characteristic for each position on water by etching three Si w旦fers
in each zone of holder， Space b巴tweenwafers = 2.5 cm 












Table. 1 Etch rat巴
ガスプラズマによる Si及びSi02膜のエッチング 629 
Buffer etch solution lOcc HF 
(58%) 
100cc NH4F solution (1 Pound 
NH4F /680cc H20) 
同as同 Etching Buffer Etching 
Anodic Si02 165A
。
/mm 8.8 1/sec 
( Owt'I.) 
Wet Si02 18.9 &/min 7.3 &1蹴
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Investigation of Hydrogen Production with 
an Electrochemical Photocell (II) 
Masayuki Saito， Noriaki Kurita， Junji Nanjo， Shigeru Nomura 
and Shin-ichi Hara 
Abstract 
The behavior of Ti02 electrod巴sin photocell has been studied for improving Hydrogen production 
efficiency. The resistivity of the巴lectrodeshas been varied between 2.07 to 145 ohm-cm. It has be巴nobserv巴d
that the saturated curr巴ntdensity'depends on the resistivity， and that there exists an optimum resistivity 
about several tens of ohm-cm. Th巴巴lectrodewith the resistivity of 32.8 ohm-cm showed the greatest 
photocurrent densi ty (800μA/cm2). From the measurement of Hall effect， the Debye length of this electrode 
was estimated to be an ord巴rof lO-'cm. 
In n Ti02/1N NaOH/ /lN H2SO./Pt system， the rising voltage (Veq) at anode shifted in the negative 
direction， while the Hydrogen production voltage (V h) at cathode shifted in the positive direction and this 
system showed the greatest band bending (bn) and increase of Hydrogen production 
In p.Si cathode system， Hydrogen production efficiency was not better compared with that of Pt cathode 
system 
The electrodes of n-Ti02films， which were prepared by thermal oxidation， anodic oxidation， and 
chemical vapor deposition (CVD) method， have also been investigated. The characteristics of the electrodes 





























面はカーボランダム非 2000でラッピング後アルミナ 0.3μ でポリッシングし，鏡面とした。市
販のTi02単結晶は比抵抗が lO11Q一cmオーダーと高いため比抵抗を下げる目的で真空中




















3) Chemical Vapor Deposition法 (CVD法)6) 
次式の反応、により Ti02薄膜が生成する。
Ti(OC3H7)4 + 2 H20→Ti02十 4C3H70H 
Ti基盤はホットプレートで3000Cに加熱し，チタンの有機物であるテトライソプロピルオル






水溶液は pH4.7KClを標準溶液とし， pHO.31 NH2S04， pH13.81NNaOHを窒素方、ス
てす容存酸素を除去して使用した。 3)電流一電圧特性はX-yレコーダーで記録し，参照電極は飽
和カロメル電極 (SCE)を使用した o n-Ti02電極用光源には 400W東芝フォトリフレクタラン
プを用い， p-Si電極には 750Wタングステンランプを使用した。 3)
II. 実験結果及び考察
1) n-Ti02の比抵抗と光電流の関係7)
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図-2 Saturated current (5V vs.SCE) vs. 





L: the length of the space charge region k : Boltzmann constant cs : dielectric const. 
T: absolute temperature no :carrier concentration e: electronic charge 
2)溶液の pHによる水素発生効率
図-3にn-Ti02単結晶電極と白金電極特性を示す。溶液は pH0.3 (H2S04) とpH13.8 
(NaOH)である。水素発生電位は pHO.3の溶液て。は約 0.3 V (vs.SCE)であり， pH 13.8の
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次にくn-Ti02 1水溶液 Ip-Si>を検討した。 P型半導体を溶液に浸すと， N型半導体とは逆の
バンドの曲がりが生じ，カソード、バイアス下で光照射により電子 正孔対が生成し，少数キャ
リアである電子が水溶液界面で水を還元し，水素を発生させる。 図-4にp-Si-Ptの電流 電
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i) n-Ti02アノード側に NaOH溶液を用い， Ptカソード側に H2S04溶液を用いるときに最
も水素発生効率が良い。これはアノードの立ちあがり電位が卑な方向へシフトし，カソード側
の水素発生電位が貴な方向へシフトするためである。
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On the Histrical Changes of Bridges and the Tendency of Their Progress (4) 
The Histical Changes on the Aesthetics， the Mechanics and the Disasters 
of Bridges and Some Problems on the Progress of Bridges 
Sakutaro Nakamura 
Abstract 
The Present wri ter made the gen巴ralinvestigations on the histrical changes of the aesthetics， the 
mechanics and the disasters of bridges， and he discuss巴dand stated in ful on some problems in the develop 































































































更に水都ペニスの運河に架けられた SanGiobbe， Rialto (1592)の両橋は，それぞ、れの特徴を
有し，その形から見ても周囲の建築との釣合いも保たれ，誠に優美な橋であるし，同じペニス


























































































世界最長支聞の橋梁は，アメリカの GoldenGate橋 (1937)よりアメリカの Verrazano





















































































































































橋梁の歴史的変遷とその発達動向について (4) 649 
プラントル，フエツフ。ル，バッハ，ナ夕、、イ，ソコロフスキー，マイネス，ヤコブセン，マイラ-
























































東京，破壊道路橋数:675 震害 2.7% 火害:50.4% 


























































































































































































































































































のギリシア Corinthの地震， 1037年-1038年支那を襲ったもの， 1057年同じく支那に起った地
震， 1158年の小アジア地震， 1183年のシリア地震， 1268年の小アジア地震， 1303年の支那の
地震， 1556年同じく支那を襲ったもの， 1622年， 1654年いずれも支那を襲ったもの， 1667年
カウカサスを襲ったもの， 1668年支那に起きた地震と小アジアを襲ったものなどがある。また
1693年， 1716年ともイタリーを襲った地震， 1727年ペルシヤに起きた地震， 1737年のカムチ
ヤッカ地震， 1733年-1739年に支那を襲ったもの， 1746年ペルーに起きた地震， 1751年のチ
リ地震， 1755年のペルシヤ地震， 1755年のリスボン地震なども著名である。更に 1783年のイ
タリ一地震， 1797年のエクワルド地震とベェネズェラ地震， 1812年のベェネズェラ・コロンビ
ア地震， 1822年の小アジア地震とチリ地震， 1837年のシリア地震， 1850年の支那を襲ったもの
などがある。また 1853年のペルシヤ地震， 1868年のボリビヤと北チリの地震， 1868年のコロ
ンビア・エクアドルの地震， 1875年のコロンビア・エクアドルの地震， 1906年の北カリフォル




































































その後， Brooklyn橋， Golden Ga te橋， San Francisco-Oakland Bay橋などの巨大な補剛ト
ラス吊橋が完成し，吊橋の対風安定性については，一応問題はなくなったと考えられたが， 1939 
年と 1940年に，米国において補剛トラスの代りにプレートガーダーを用いた大径間吊橋が2橋





















































































たが，その後Muller-Breslau，Joseph Melan氏等の弾性理論解析へ進展し， Broohlyn Bridgeを
初め数多くの吊橋の設計に輝かしい成果をあげた。しかし， 20世紀に入り，支間 200m以上の
吊橋では変形量が大きくなり，弾性理論の不適当なことが指摘され， Angustus Jay Dubois， 
(39) 
662 中村作太郎
Josef Melan両氏の提唱したたわみ理論 (Deflectiontheory)が登場し， L. S. Moisseiff氏の採
用により ManhattanBridgeの設計に応用された。アメリカでは，Golden Gate Bridgeのほか数
橋この理論により設計され，世界各国の吊橋の設計に利用されている。








A. G. Pugsley氏の示した FlexibilityCoefficients Methodは膜理論否定への最初の試みで
あり，その後D.M. Brotton， G. Arnold両氏の提示した分配マトリックス法 (Distribution
Matrix Method) も収触の悪さのためあまり用いられず， T. J. Poskitt 氏は Newton~Rappson
の反復法を採用した。また S.S. Tezcan氏は分配マトリックスに対し本質的批判を行ない，大













されており， Spillers， Fenves， Withum，成岡昌夫，遠田良喜等の諸氏の貢献がある。また後者
については， Wagner， Benscoter， Heilig， Vlasov等の諸氏の流儀により立体トラス構造を等価














られた St.Nazaire~S t. Sr色Tlnln橋で， 1975年に架設されている。










































































写真一1 原始時代の自然美(竹の橋) 写真一2 中国の風情美(中世の石造アーチ，楓橋)
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Basic Research on an Application of Geometric 




G巴ometricprogramming provides a powerful tol for solving algebraic nonlinear programming subject to 
linear and nonlinear constraints， but it is rather dificult to apply the method to a general optimizing probl巴m
In this paper， a penalty t巴rmin the transformed objective function in process of the calculation by SUMT is 
approximated with a single-term posynomial and makes it possible to apply geometric programming to a 
general minimization problem. This paper also explains the thr巴巴numericalexamples and the approaches to 
the optimum points are shown in the figures 
1. Introduction 
s-eometric programming was discovered first by Zener early in the 1960's and after that 
developed by Zener， Duffin and Peterson. This method provides a powerful tool for solving 
algebraic nonlinear programming problems subject to linear and nonlinear constraints， and in 
recent years the application of this method is studied in mainly Chemical and Civil 
Engineering fields 
Geometric programming displays its ability especially， when the objective function and 
the constraints are al posynomials and the number of degrees of difficulty is small. Once 
some of the coefficients in the polynomials are negative or， even if al the coefficients are 
positive， the number of degrees of difficulty are relatively great， itwill be difficult to apply 
efficiently geometric programming to such problems. Then， to overcome this difficulty， A 
B. Templeman proposed to approximate a general fuction with a single-term posynomiaj!l， 
and C. Beightler and D. T. Phillips explained in their book the technique of reducing a 
plynomial to a posynomial by condensation2l. The former paper dealt with the problem of 
minimum weight design of truss structures. But， in the case of minimum weight design of 
truss bridges， the number of terms in the objective fuction is equal to that of the design 
variables. So， even if each constraint is approximated with a single-term posynomial， the 
number of degrees of difficulty may be stil equal to that of constraints-1 and it is seemed 
to be hard to use the method to such problems. Until now， the problems were solved 
principally by Sequential Linear Programming (SLP) or Sequential Unconstrained Mini 
mization Technique (SUMT). But some disadvantages of each technique were pointed out. 
The former technique requires much memory capacity of a computer， while the latter 
technique， although the possibility of converging into a global optimum point is improved， 
requires long computing time in optimizing a transformed objective fuction. Then this 
paper deals with the application of geometric programming into the optimization of the 
transformed objective function. In the method proposed here， the penalty term in the 
transformed objective function is approximated with a single-term posynomial， and by 
(47) 
670 日iroyukiSugimoto 
applying geometric programming to this function it is possible to get the approximate opti 
mum value by only one iteration， so far as the point is in the feasible region. 
In this paper the constraints are to be general polynomials and the objective function to 
be a posynomial， in which the number of terms is equal to that of the design variables 
2. Posynomial Approximation of Transformed Objective Function 
A general optimization problem is defined as follows， 
ロllillmlze
n n 







( 1 ) 
( 2 ) 
In equation (1) Xk (kニ…n)are design variables and αik (i = 1…n， k=1..n) are arbitrary real 
numbers. 
The primary constrained minimization problem defined above is transformed into a 
sequence of unconstrained minimization problems. The function is as follows， 
n n m 
F=21cz且xf十γtE(酌)ぺ ;1= l......L， ( 3 ) 
in which，れ isa response factor and βis an arbitrary positive real number. 
If Xk (l(k = 1..n) are feasi ble values of the variables， the second term in the equation (3) is 
approximated with a single-term posynomial as follows， 
m n 
rt ~ (gJ一β二 Cn+lr xgn+lk， ( 4 ) 
in which η， n 
Cn十l二 rt{~ (g51)) β} r (xi.l)一αn+lh， ( 5 ) 
αn+lk ニ___ß.X~l)24L)(l)(gjl))一 ; k=l......n 
呂(g)l)) β 戸川 ( 6 ) 
After al， the primary problem defined by equations (1)， (2) is transformed into a problem 
of optirnizing a posynomial with zero degrees of difficulty as follows， 
n+l n 
F= 2:Ci rxfぺ (7 ) 
i=l kニ l
3. Minimization of An Unconstrained Posynomial 
From equation (7) the rninimization problem of an unconstrained posynomial is defined 
as follows， 
町llillmlze n十1 n 
F= ~ Ci rXfik， 
(7) 
(48) 
Basic Res巴archon an Application of Geometric Programming to 
Sequential Unconstrained Minimization Technique 671 
in which 
Ci>O; i=l・…"n+1，
Xk >0 ; k二 1......n，
αik ; arbitrary real numbers， i =1・・・・・・n，kニ 1......n+1
The number of degrees of difficulty of equation (7) is equal to zero， soapplying geometric 
programming to it， the design variables x are obtained easily as follows 
First， the normality and orthogonality conditions are 
n+1 
~んこ 1 ，
i+l (8 ) 
n+1 
~αikl\;=O; kニ1.…'n， ( 9 ) 
in which λi (iニl...n+ 1)are dual variables. Matrix expression of equations (8)， (9) is as 
follows， 
1 1 ..…….1 1 ，¥ 1 
0 α11 α21・・・・・・・・・αn1αn+11 1，.¥ 
α12α22………αn2αn+12 1: 1=101 
"¥n I 1:I (10) 
α1n α2n・・…・・・・αnnαn+1n JLAn+1J lO 








ー ー ?〔? ??? (13) 
(14) 
(15) 
B=[αn+llα n+12 0 • ……・ α n+ln] T 
A =[，¥， "¥2'"……"¥nV 








? ? ? ? ? ? ? ? ? ?
? ??
(16) 
The dual variableん+1corresponding to the penalty term is obtained by substituting 
equation (12) into equation (11)， 
Àn+l=~ n+1~ 1~IA-1B (17) 
By substi tuting equation (17) into equation (12) the dual variables are obtained as follows， 
À=~__A 'B -1IA-IB-(18) 
Knowing the dual variables ，.¥ the design variables are 
xi=10Xi; i二 1・・・…n， (19) 
(49) 
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in which 
X=(A← lVS， 
log A 1 -log Cl + log z 




log An-1og cn+log z 
z-買(すr (22) 
In calculating equation (20) A -1 was obtained previously in equation (17) and is constant 
through the iteration. 
The iteration of the method proposed here proceeds as follows : 
1. Start with an initial x(l) and set m， n， c，αand β. 
2. Compute A-1 
3. Set 1=0. 
4. Setl=I+1， Ylandx(l)=x. 
5. Compute Cn+1，αn+1k(k=l..n) by equations (5)， (6). 
6. Set B by equation (14). 
7. Compute A by equations (17)， (18)ー
8. If んisnegative， modify x(l) and repeat from step 5. 
9. Compute x by equations (19)， (21) and (2). 
10. Repeat from step 4 until the design variables are thought to be converged. 
In step 8， inwhat direction the initial design variables x(l) are to be modified may be a 
difficult problem， but it is seemed to be a beUer way to do it in the direction of loosening the 
constramts. 
Special case having the objective function as follows is considered next， 
n 
f= 2: cixF， (23) 
In this case A -1 is simplified as follows， 












?? ? ? ? ?
?
?? ?? (24) 
Substituting equation (24) into equations (17)， (18) and (19)，λand x are obtained as 
follows 
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Xi=(γr ; iニ l......n




Three numerical examples are solved by the method above mentioned. In these 









In the feasible region formed by above constraints， as shown in under figures， two 
optimum points are found and one of them is thought to be a local optimum point 




and in 4-1 and 4-2， 
XI=O. 
4-1 Example 1 
The objective function is as follows， 
!=xf-lγcxf (32) 
Refering to equations (27)， (28) and (29)， the problems in the case of dニ 1，2and c=O.1， 0.5， 
0.8 were calculated respectively. The results are in Tables 1-1-2-3 and the approaches to 
the optimum point are shown in Figures 1-1-2-3. The dot-dash-lines in these figures are 
corresponding with the objective functions 
(51) 
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Table 1.1 d= l.0. C二 0.1 Table 2.1 d=2.0. c=O.l 
initial f value Xl X， 
initial f value Xl X， 
(4.0，4.0) 1. 0160 2.7433 1.2903 (4.0，4.0) 1.1056 2.3476 1.7735 
(5.0，0.5) 1.0149 2.7513 1.2900 (5.0，0.5) 1.0700 2.4667 1.7533 
(2.0，3.0) 1.0208 2.7386 1.2947 (2.0，3.0) 1.0739 2.4364 1.7468 
(3.0，1.0) 1.0183 2.7359 1.2919 (3.0，1，0) 1.0966 2.3628 1.7608 
Table 1.2 d= l.0. c= 0.5 Table 2.2 d= 2.0. c= 0.5 
initial f value Xl X， 
initial f value Xl X， 
(4.0，4.0) 1.1050 2.3593 2.2846 (4.0，4.0) 1.1039 2.3380 3.9518 
(5.0，0.5) 1.1055 2.3605 2.2858 (5.0，0.5) 1.1106 2.3498 3.9944 
(2.0，3.0) 1.0996 2.3488 2.2740 (2.0，3.0) 1.1149 2.3551 4.0162 
(3.0，1.0) 1.9276 0.9593 2.4072 (3.0，1.0) 1.0986 2.3415 3.9483 
Table 1.3 d=l.O， c=0.8 Table 2.3 d=2.0， c二 0.8
initial f value Xl X， 
initial f valu巴 Xl X， 
(4.0，4.0) 1.1056 2.3455 2.9820 (4.0，4.0) 1.1057 2.3405 5.6050 
(5.0，0.5) 1.1208 2.3780 3.0232 (5.0，0.5) 2.0160 0.8818 4.6862 
(2.0，3.0) 1.1126 2.3477 2.9908 (2.0，3.0) 1.0979 2.3377 5.5771 
(3.0，1.0) 2.3730 0.5257 2.7936 (3.0，1.0) 1.9283 0.9584 4.4533 
X11 Xl 
x， 
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Fig. 1 -2 d =l.0， c二 o5 Fig. 2 -2 d =2.0， cニ0.5
x， 
x， 
Fig. 1-3 dニ 1.0，c二 0.8 Fig. 2 -3 d =2.0， cニ0.8
4-2 Example 2 





The problems in the case of c =0.1， 1.0 were calculated respectively. The approaches to 










Fig. 3 -2 C = l. 0 
4-3 Example 3 
The objective function is as follows， 
f=XIX2 +O.lxi (34) 
x， 
The function defined above， as shown in Figure 4-1， isnot related to the value of the 
design variable X1 and approaches to zero， ifthe design variable X2 do so. Applying the 
method proposed here to such a function， ithappens to be frequently that the values ofλare 
negative and that it is difficult to find the direction in which the design variables are to be 
modified. So， inthis paper， the objective function is approximated with a linear function as 
follows successfully， 
f二 (X~l) )Xl 十 (XP) 十 O.2X~1) )X2 ・ (35)
The approaches to the optimum point in the case of xl=0.5， l.0 and 1.5 respectively are 





2 3 4 





Fig. 4 -2 
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5. Conclusions And Comments 
x， 
Fig. 4 -3 x ，=1.5 
677 
1. Approximating a penalty term in the transformed objective function with a single-term 
posynomial， it is possible to apply geometric programming to the general minimization 
problems efficiently. 
2.If the initial values are selected properly， the convergence is good as shown in the figures 
above. And it is noticeable that， inspite of being a global optimum point in a very narrow 
region in the case of Xl = 1.0 in Example 3， the design variables approaches to the point very 
smoothly， when the initial design variables are (5， 2)and (4， 2). 
3. Hereafter， by solving more concrete problems， itis intended to make a comparison of the 
computing time and accuracy of the method proposed here， SLP and SUMT by direct 
search method or DFP. 
(Received May. 19， 1978) 
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A Study on Flow Regulation in Upflow 
Solids Contact Clarifiers by Perforated Baffles. 
日itoshiHozumi 
Abstract 
The effects of the structure of perforated baffles on the dispersion coeffici巴ntof supernatant zone above 
floc blanket were studied. The experiments w巴recarried out by using a model unit of the floc blanket type 
clarifiers and the dispersion coefficient was calculated from the measured concentration distribution of mother 
floc particles in the supernatant wne. 
The results are summeriz巴das follows; 
1 . The volumetric efficiency of th巴unit ismuch increased by the settling of perforated baffles， independ巴nt
。fi tsstructure. 
2. The dispersion coefficient is independent of the thickness of the baffles at h巴ighervalu巴sthan 10 cm. 
3. Th巴dispersionco巴fficientis increased in proportion to the distance between the c巳ntersof openings in the 
baffles， and to the 0.7th power of the ratio of total area of openings to the cross sectional旦reaof the flow 
4. When the ratio mentioned above is small巴rthan且bout8 per cent and upward flow velocity is lower than 
5 cm/min at the same time， floc particles accumulat巴onthe baffles and the disp巴rsioncoefficient increase 
conversely 
























。C_ n O2C， ITTT T T ¥ ac 百t=Dzc ;;iz+(Wt-Vs)妄 ・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ ( 1 ) 
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仇ニ (1+ K*)eゆ(KキM)-( 1-K *) exp( -K *M) ・H ・H ・..・H ・..・H ・-…・(5 ) 
ここで，恥:rp= 1におけるゆ値で清澄部への漏出小フロック濃度，K，ホ二、1十2KcL/M， Kc=3 















ここで，a， a'， b 係数，bは比較的小さな値であり，z'が大きいときには b弓 Oとおいても実用的には差しっか
えない。
Dzの推算は bの値として既報3)に不した b値を代用し，次のようにして行なった。ふエOとして求めた Dzc(z'二







れて 250rpmの急速撹件が上昇流速 5cm/minのときてい 10分間行なえるようになっている。
i)フロック形成槽:20X20 cmの水平断面を有する高さ 200cmのアクリル板製の角型槽で，























径約 6mmのカラス管が図 2に示すように上昇流沈殿槽の側面に縦方向に 3cm間隔に 8
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〆=(WMγ ・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ ( 6 ) 
Wt二 gρeD'f，/34μ・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ ( 7 ) 
ρe-ρf ρ即=α/Df'ρ ・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・・ ( 8 ) 
ここで， d:等速沈降時のスラリーの空間率で，後述するようにフロックブランケットの空間率
にほぼ等しい。 W:スラリーの等速界面沈降速度， ρe，フロックの有効密度， ρf，ρ山:それぞれ




















3の直線から nを求めると，筆者3)が既に求めた結果と同じく nξ0.17である。又，e'ニ lの
点に対応する Wtを求めると，凝集剤注入率40PpmでWt=':26 cm/ min，凝集剤注入率30Ppm
でWt=.: 25 cm/ minである。
式-8の定数αとKρはフロックブランケット層の既成フロックに対する過去の実i&IJ結果では




こで，ここでも上記の αおよび、Kρを採用して，図 3から求めた Wtと式 7および式 8か
らDpを求めると，凝集剤注入率40ppmで、Dpミ0.12cm，凝集剤注入率30ppmでDρミ0.11cm 
であ‘る。
以上の結果から，凝集剤注入率40Ppmの場合には Wt=26cm/min， Dρ=0.12 cm，凝集剤
注入率30Ppmの場合には Wtニ 25cm/min， Dpニ 0.11cmを用い，又，eとしては図-3のイ



































R-~x100= T; .~ x100……...・ H ・..……...・ H ・...・ H ・H ・H ・..……(9 ) 






EB二 Kii(l-n) X 100・H ・H ・..…………...・ H ・..………………...・ H ・...・ H ・...(10) 
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にはDzcを孔中心間隔で割った値をとった。開孔率の増大に伴なう Dzcの増加傾向は，Vs> 10 
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A Study on Settling Properties 
of Metallic Hydroxide Slurries (I) 
Hitoshi Hozumi and Yoshinobu Kouno 
Abstract 
The effects of Alkaline precipitants and PH on the settling prop巴rtiesof metallic hydroxide slurries and 
the settling rate of the slurries at compression stage were studied. The experiments were carried out by using 
F巴Cl3as metallic salts， NaOH and Ca(OH)2 (Powdery and Milky) as precipitants. The main results of batch 
settling analyses are summerizedぉ follows;
(1) A logarithmic plot of the height yet to be s巴ttledvs settling tim巴 glV巴sa straight line at compression 
stage， that is， the following equation holds 
!og(H← H∞)=n !Og t十K
in which H is the interface height at settling tim巴 t，H∞is the final interface height at infinit巴time，n isthe 
slope of the logarithmic plot， and K is the function of the critical interface height and the critical tim巴atthe 
point of compression 
(2) The settling prop巴rtiesof the slurries can be evaluated by the constant n， K and H∞ 
(3) The valu巴ofthe constant n isabout 0.8 for good settleable sluri es. 
(4) Most settleable slurries are obtained at PH about 7 ind巴pendentlyof precipitants. 
(5) Powdery Ca(OH)2 is more effective than milky Ca(OH)2 and dilute milks are effective than dense milks in 







































図-1と図-2は，それぞ、れ中和剤として NaOH及び紛末状の Ca(OH)zを用いて PHを変化
させたときの沈降曲線を示したものである。又，図-3と図-4は，それぞれ各中和剤を用い

























Eヨー 2 粉末状 Ca(OH)，により PHを変化
させたときの沈降曲線
ベ)- NfAOH 






高は PHの増大とともに大きくなり， PH 6以上では再び小きくなり，逆に等速沈降速度は PH
の増大とともに小さくなり， PH 6から 7にかけて再び大きくなり， PH8.0では若干小きくな














































平 :t¥J 12.2 
等速沈降速度 l目032 0.927 v(cm/min) 
平 J:!o] 0.982 
圧縮開始高 23.93 23.14 Hc(cm) 
だ] 22.98 
圧縮開始時間 147.3 tc(min) 
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図-6 中平日剤の種類による沈降曲線の比較
状の Ca(OH)zが優れており， PH 6 -7前後で沈降性の良いスラリーが得られ， PH8程度でも
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あると判断される。 i萄質凝集スラリーでは固 Fミ10U 
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t(澗 l九)
図-11 H-H∞とtの雨対数プロット






図 14と図 15は，それぞれ図-11と図-12のH-H∞と tの両対数プロットの直線から求
めたHc及ぴtcとPHの関係を示したものである。又，図 13から求めたHcとんは表 1に














図-13 H-H∞とtの両対数プロ y ト
"， 
~ NcぇOH
































はそれぞれ図 11と図 12から求めた直線の勾配 nとスラリーの沈降特性を表わすH∞，Hc
及びんを総合した係数Kを示したものである。 NaOHを用いた場合には，nはPH4.1では若
干小さい値を示すが， PH6以下ではη主0.7，PH 7 -8では n二0.8程度の一定値を示す。又，
KはPH5-7の聞ではほとんど変化せず， PHがこれよりも外れると小さい値を示す。一方，
粉末状の Ca(OH)2を用いた場合には nはPHの増大とともに上方に凸の曲線で示されるが，
PH 6 -7.4では概略 αキ0.8程度の一定値を示す。又，KはPH7.4-8でほぼ等しくなること
を除けは、，nと同様の変化をする。図-18は液状の Ca(OHhを用いた場合の nとKを示したも















7 PH Co. (OH)，l 添加華麗 011)
図-19PHと溶解性第二鉄の関係 図-20 Ca(OH)2添加液濃度と溶解性第二鉄の関係




















3 )式 (5)の係数nの値は沈降性の良いスラリーに対しては 0.8程度である。
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Experimental study for a Small Propeller Type of Windmill. 1st Report 
K. Okuda， K. Orikasa， T.Matsuda and H. Yamagishi 
Abstract 
The int巴restof cl巴anenergy resources increases lately. The authors are carrying out the generating 
experiment of el巴ctricityby a windmill with two small blade propellers as p丘rtof the items in "Research 
Project for Clean Energy Resources"， by Muroran Institute of Technology. 
孔匂inr巴sultsof the first report of this study are as follows 
a) The windmill generator， rating 200 W， was tested preliminarily on a laboratory bench for the basic 
performance of the machine -el巴ctriccurr巴nt，voltage and power vs. r.p.m. in the case of battery load. 
b) The generating power of the windmill by the forces of natural wind on th巴r∞fof the Insti ttute in 
autumn and winter， 1977， was express巴di n the following formula 
Pニ0.59V25 (W) 
where P (W) is electric power of出巴 gen巴rator，and V (m/s) is wind velocity. Constant 0.59 contained m巴an
value of the pow巴rcoeffici巴nt，the wind mill radius 0.9m，呂nddensity of air 
c) Maximum pow巴rcoefficient of出巴windmillby th巴forcesof natural wind was 0.17， which was low as 
about 43% of the announced results of tw口-blad巴-windmillin wind tunnel tests 
d) Respondence of pow巴rgeneration of the windmill to the unst巴adynatural wind was examined and 















年平均風速は， 1971-1974年は約5m/ s， 1975-1976年は約4m/ sと低くなっている。最
大風速(10分間平均の最大値)は， 1972-1976年約8-19 m/ s，瞬間最大風速は同年間約 14-
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小型風車:Wincharger風力発電装置 1222H型， WINCO Division of DYNA TECHNOLO 
GY INC.， IOW A， U.S.A.， 2枚プロペラ型羽根車 直径l.8m，羽根断面はゲッチンゲン翼型に
類似，風車羽根車の作動は風速3-10 m/ sの範囲，空気ブレーキ・カ、パナおよび風車軸変向装
置付.空気ブレーキ・力、、パナは風速 10m/ s以上で羽根車回転数900rpm に制御。
風車の発電機:風車軸に直結，直流分巻型200Wo (以と図4参照)

























p 風車出力，風車発生電力(軍政)Pmax 理想風車の最大出力(kgf.ml sまたはW)
R 底L車半径 (m) t 測定時間 (min)











_16n _8 n2TT3 Pmαx= ~':，p 0== I'")U，. J[ RρV271 -27πμ 
出力係数2)，3)
C/=P/PO=1 p すπR2ρV3
ct=P/Pmax二 Q P 
エ~7rR2ρ V 327πy 
以上の式を次節で用いる。
( 1 ) 

































(血)はめ士 こ の関数60V 
(88) 














300 仰O 600 800 200卜20ト / 包~~岩久 n (rpm) 
図8 電力と回転数





P二 0.59V2.S(防T) ( 6 ) 







C1 =p/Po二 1piπR2ρV3 ( 3 ) 










C/中には発電機より併を求め，Cl 仇C/ ゆ関係を求めたものを図9に示す。ここで Cl，
効率が含まれていることに注意すべきである。
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COMBUSTION CHARACTERISTICS OF 
METHANOL FUELED CARBURETTOR ENGINES 
Shigenobu Hayashi and Norihiro Sawa* 
Abstract 
Methanol， which contains oxides， isinvestigated as fuel for internal combustion engines. If m巴thanolis 
used as fuel in internal combustion engine， cons巴quently，there is a large possi bli ty to r巴ducethe NOx 
concentration without lowering the巴ngmepow巴r.
However， the combustion characteristics of methanol in the cylind巴rremain almost unknown to be solved 
in the future 
Th巴refore，the authors carried out research巴son the influence of operating conditions on the engine 
power， combustion and exhaust-gas characteristics， furthermore， on the rat巴ofeffectiv巴heatrel巴aseand th巴
mass rate of burning， and so on 
1. Introduction 
Methanol， which contains oxides， can be comparatively easily burnt in a from of lean 
mixture， increase the compression ratio because of its high octane number and has a 
comparatively low burning temperature because of the high latent heat of the fuel itself. If 
methanol is used as fuel in internal combustion engines， consequently， there is a large possi 
bility to reduce the NOx concentration without lowering the engine power. Also as an 
energy source replacing gasoline， moreover， ithas attracted special interests recently and is 
investigated from the standpoint of fuel for internal combustion engines(l)-(3). However， the 
combustion characteristics of methanol are almost unknown. Therefore， the authors carried 
out researches on the following points : 
Influence of operating conditions on the engine power and exhaust-gas characteristics 
(CO， THC， NOx and RCHO concentrations) ;As characteristics representing the combustion，an 
average value P max， the standard deviation S and the coefficient of variation S /P max， of the 
maximum combustion pressure P max ; Correlation between P max and its appearance period 
e(Pmαx) ; Rate of effective heat release ; Mass rate of burning etc. 
2. Experimental Apparatus and Methods 
2. 1 Experimental apparatus 
For the experiment， the authors used a water-cooled， single-cylinder and overhead-valve 
engine and an air-cooled， single-cylinder and side-valve engine but the former more 
frequently. Specifications of these engines are as shown in Table 1. The experimental 
apparatus is composed of a unit for measuring the breathing air (surge tank 4， round nozzle 1， 
thermometer 3 and manometer 2)， a fuel feed system (fuel tank， fuel flow meter 7， carburettor 
* : Prof巴sor，Dr.， Dept. of Mechanical Engineerings， 
Faculty of Engrs. lbaraki University， Narusawa-cho， Hitachi 
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Table.l Specifications of tes七eng1ne Table.2 Operat1ng cond1七10nof test eng1ne (E-482) 
じヰ:::E-482 (OHV type) 
Cylinder .bore 中85x 85 x Stroke mm 
Stroke volume 482 c 
Compression 8.4 ratio 





Englne speed 2000 rpm 
中72x 62 
Ign1七10nadvance 23・5，35， 48.5 (OCA) I 
Volumetrlc efflciency 26.5， 42.5， 63 (% ) 
252 
工口七akepipe wall temperature 9， 4， 53 (OC) 
6.4 
Water content 




y = methanol 0， 0.25， 0.5 










Fig.l : Sch巴m計icdiagram of experim巴ntalapparatus 
float chamber and carburettor body 5)， a suction pipe system (pipe wall heater 24 and pipe 
wall thermometer 25)， the tested engine 11， an exhaust pipe system (exhaust thermometer 12， 
muffler 21 and exhaust gas extracting oriffice 22) and a dynamometer 10. 
To investigate the combustion state， further， strain gauge type pressure indicators 13 are 
used， in the case of the side-valve eロgineion plugs 23 are connected to the cylinder head in 
order to detect the flame velocity and start trigger pulse marker 16， reset pulse marker (to top 
dead center marker) etc. to allow the use of statistical data processor 19 
The concentrations of carbon monoxide CO， nitrogen oxides NOx， total hydrocarbons 
丁目Cand aldehyde RHCO in the exhaust gas are determined with nondispersive infrared 
analyzer， by the zinc-reduced naphthyle thylene diamine method(4)， with FID gas 
chromatograph and the Kitagawa's detector tube NO.71 for formaldehyde， respectively. For 
this purpose， the exhaust gas extracting pipe is heated with a ribbon heater so as to eliminate 
possible influence of the water content. 
(94) 
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2. 2 Experimental methods 
At first， each of the tested engines is stationarily operated for about ten minutes under 
the conditions as shown in Table 2 while the engine speed N and the volumetric efficiencyηu 
being fixed at 2000rpm and 42.5%， respectively. After the flow rate of fed fuel is regulated 
by adjustment of vertical position of the float chamber， then， the power Le， fuel flow rate Gf， 
the exhaust gas temperature te， the concentrations of CO， NOx， THC， RHCO etc. are meas-
ured for various values from 0.7 to 1.5， of the excess air ratioλ. At the same time， the 
cylinder combustion pressure， top dead center mark etc. are indicated on a data recorder， 
these values are reproduced and fed to the statistical data processor， which draws variation 
frequency curves of the combustion pressure at each crank angle， average pressure diagram 
at 1000 cycle etc. 
3. Experimental Results and Considerations 
3. 1 Characteristics of power and exhaust emission 
The influences of the excess air ratioλand suction pipe wall temperature tw on the 
engine power and exhaust emission under methanol operations呂swell as comparison of them 
wi th those under gasoline operations (solid line， y g= 0)are shown in Figs.2 and 3， the in 
fluence of the water content y under water-containing methanol operations in Fig.4 and that 
of the ignition advance angle θshown in Fig.5. In each of these figure， only one example is 
indicated. As can be seen from them 
1 ) Within a rich mixture range， A二 0.6to l.0， the engine power Le and the thermal efi-
Clencyηunder methanol operations are higher than those under gasoline operations， respec 
tively (Figs.2 and 3) and increase， though slightly， further under water-containing methanol 
operations (Fig.4). In addition， Le and ηincrease on the whole with the increasing ignition 
advanceθ(Fig.5). In either case， lean mixture makes the heat release decrease and at the 
same time the combustion conditions deteriorate so that Le and ηare decreased 
However， the higher suction pipe wall temperature t仙 thelower water content y and the 
larger ignition advance 8 improve Le and万， resulting also in the wider combustible range 
If methanol evaporation is promoted (for example， 100% of methanol evaporates for λニ
1 and at 九=440C)by heating the suction pipe， in particular， their improvement at the lean 
mixture side is remarkable. 
2) The carbon monoxide concentration CO depends mainly on the excess air ratioλand 
within a lean mixture range， A > 1.1， itdoes not almost depend on whether the engine is 
operated with gasoline or methanol as well as on the operating conditions such as the suction 
pipe wall temperature tω， water content y， ignition advance 8 etc. to be about 0.2 to 0.3%. 
Within a rich mixture range，λ< l.0， the CO concentration increases wi th decreasingλ 
At the same value of A， the concentration increases with decreasing t卸 (Fig.2)，increasing y 
(Fig.4) and decreasingθ(Fig.5) and its value under methanol operations is， though slightly， 
lower than that under gasoline operations (comparison of dotted line with ・marksin Figs.2 
and 3). As can be guessed from calculation results of the chemical equilibrium formula， it
appears that the above-mentioned decrease in CO concentration is caused by the lowering of 



















0.5 ス 1，5 
Fig.2 ・Enginepow巴r，巴xhaustemissions vs. excess air ratio ，¥ 
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Fig. 3 : Engine power， exhaust emissions vs. excess 
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Fig." : Engine power，巴xhaust巴missionsVS. water content y 
(98) 




























Fig.5 Engine power， exhaust emissions vs. ignition advance e 
(99) 
722 Shigenobu Hayashi・NorihiroSawa 
composition (comparison between M and G lines in Fig.2) 
3 ) Inal cases， the total hydrocarbon concentration THC have respective minimal near A.= 
l.1 to 1.2 and increase either at higher or at lower side than this range. Since in this case 
methanol does not so actively evaporate in the suction pipe as gaso!ine， the THC concen 
tration under methanol operations is considerably higher than that under gasoline operations 
unless the suction pipe is heated. If the pipe heated， on the contrary， the mixture becomes 
more uniform and the quantity of fuel adhering to the cy!inder wall decreases so that the 
THC concentration decreases on the whole to be lower than its value under gasoline oper 
ations. Since， ifthe water content y ishigher， evaporation of the fuel becomes worse， the 
mixture becomes less uniform and in addition the combustion temperature drops， so that the 
THC concentration increases (Fig.4). If the ignition timing is made to advance， the com 
bustion temperature rises but on the contrary the combustion period 仇 isshorter and gas 
temperature in the latter half of the expansion stroke or in the exhaust pipe after opening of 
the exhaust valve fals， so that the oxidation reaction of unburned hydrocarbon proceeds more 
slowly and consequently the variation in THC concentration is slighter (Fig.5). 
4) The aldehyde concentration RCHO under meteanol operations is considerably higher 
than that under gaso!ine operations (y g=O in Fig.3). This is perhaps caused by a fact that 
u日derthe latter， methane formed by thermal decomposition in the quench area is oxided to 
from formaldehyde， whereas under the former operations， formaldehyde is directly formed， 
by thermal decomposition and oxidation reaction， more easily 
5) The nitrogen oxides concetration NOx under methanol operations is lower， to some de-
gree， than that under gasoline operations. If the suction pipe wall temperature 句 israised 
(Fig.2) and the ignition advance 8 increased (Fig.5)， however， the NOx concentration is 
increased and becomes higher than that under gaso!ine operations. If the water content y is
increased (Fig.4)， on the other hand， decrease of the combustion temperature due to increase 
in latent heat of fuel makes NOx remarkably decrease. Moreover， al the conditions which 
decrease NOx tend to lower the engine power within the lean mixture range. Consequently， 
i t is necessary to select the most sui table values of t叫 y，θetc.without lowering engine 
power. On the basis of the engine power Le=3.3 Ps atλ= 1 under gasoline operations (8ニ
350CA and 77;=42.5%)， now， let us compare the value of the thermal efficiency ηand the 
exhaust emission concentrations under gasoline operations，η=20%， COニ0.7%，THCニ
260ppm， RHCO=25ppm and NOxニ2400ppm，whereas under methanol operations (θニ48.5
OCA， y=0.5 and t即=440C)，万二18%，COニ0.6%，THC=200ppm， RHCOニ 120ppmand NOx= 
130ppm. Although 7 decreases by 2%， that is， not only CO and THC but also NOx are 
reduced and the reduction of NOx is particularly remarkable， amounting to about 1/20. While 
RCHO should be reduced by means of a suitable method， itis possible to decrease further CO， 
THC etc. by heating the suction pipe. If the water-containing methanol is used and 
measures to promote its evaporation are taken， consequently， itmay be a very useful fuel for 
carburettor engine. 
??????
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3.2 Cycle-by-cycle varIation of combustion pressure 
3.2.1 Frequency of combustion pressur variation 
Figs.6， 7 and 8 show the average pressure diagram (F vs. e) at 1000 cycle， the variation 
frequencies F % of the combustion pressure P at 5.6 and 1.6 oCA before and 8.8 and 16 oCA 
after the top dead center (TDC) and the maximum combustion pressure P max. Combustion 
variation at the initial stage of the combustion process depends essentially on ignition lag and 
the condition of mixture near the ignition plugs， whereas pressure variation is more amplified 
when the mass rate of burning is larger. If the excess air ratin is higher， the suction pipe 
wall temperature lower and water content larger， for this reason， the ignition lag more in-
creases and moreover the flame velocity V f also decreases， so that the mass rate of burning 
at the same crankangle before the TDC decreases. As shown in the figures， consequently， 
the pressure variation decreases with increasing A (Fig.6)， decreasing tw and increasing y 
(Fig.7). A similar phenomenon can be observed also when the ignition advance θis de 
creased. Since fuel perfectly evaporates in the combustion process after the TDC and the 
mixture also becomes uniform， the process depends on the average propertied of mixture and 
it is affected by the variation of average mixture ratio but since lower combustion before the 
TDC makes larger the mass rate of burning， the pressure variation in this period also in 
creases. The variation of the maximum combustion pressure P削 x，so far frequently used 
for representing combustion variation， issimilar to that of the combustion pressure at a crank 
angle after the TDC， because the maximum pressure is produced after the top dead center 
円v=425'・'1.
白=35・CA
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: Fr巴quencyof cylinder pressure variation F vs. excess air ratio ，¥ 
(gasolin巴fu巴led巴ngm巴)
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Fig. 9 : Combustion charact巴nsticsVS. excess air ratio ). and 




For this reason， itcannot be said that the variation of Pmax represents precisely that of the 
combustion as a whole but since the former is closely related to combustion condition during 
the so-called principal combustion period after the TDC and also deeply connected with the 
combustion noise and the RHCO concentration， itcan be a useful index indicating the com-
bustion condition. Such pressure variation frequency distribution curves are perfectly the 
same in either case of methanol and gasoline operations. 
3.2.2 Variation of maximum combustion pressure 
Simultaneously with the experiments shown in Figs.2 to 5 the cylinder combustion 
pressure is recorded， based on these results the average maximum combustion pressure P mαx， 
its forming periodθ(p max)， the standard deviation S of P mαx， the coefficient of variation 
S/Pmαx etc. are determined and given in Figs.9， 10 and 1. And， as an example of the 
experimental results obtained on the side-valve engine， Fig.12 shows P間ax，B(Pmax)， the 
maxlmumムPmax of a differenceムPbetween the combustion and motoring pressures， its 
forming period B(ムPmax)，the combustion duration Bb and the flame velocity V f (1 to 2) and V f 
(1 to 3) calculated from the time when flame passes through the ion plugs 1 to 2 and 1 to 3. 
As can be seen from the figures， evaporation of methanol in the suction pipe is comparatively 
bad and for this reason the mixture is not uniform with its large variation. When the suction 
pipe wall temperature tωis 9 oc(・ marksin Fig.9)， consequently， the deviation S of P max is 
larger， to some degree， than that under gasoline operations (dotted line in Fig.9). Since the 
calorific value of methanol mixture is larger than that gasoline mixture and in proportion to 
this P max also higher， however， the coefficient of variation S/Pmax under methanol operations 
(103) 








Fig. 10 : Combustion characteristics vs. water content y 
is slightly lower than that under gasoline operations. On the other hand， Pmαx increases wi th 
mcreasmg t日 (OEPin Fig.9)， decreasing water content y (Fig.10) and increasing ignition 
advance ()(Fig.ll)， atthe same time the forming period of P削 xapproaches the TDC， that is， 
θCPmax) decreases and S as well as S/Pmax also decrease. Since in either case the flame 
velocity is the highest near A=0.85， then ()(Pmax) becomes minimum， Pmax maximum， and S 
as well as S/Pmax are minimum. Since Vf decreases with increasing A， however，θ(P，叩て)
increases， P mαx decreases and S as well as S/P max also increase. When λexceeds certain 
value， S and S/Pmax on the contrary decrease. There is a positive correlation between 
S/Pmαxand ()(Pmax)， because this S/Pmαx versusλcurve is similar to the θ(p max) versus A. 
S /P max under motoring operations is 2 %， in each of the engines tested there is a variation， 
in charged fresh air， of this order and it appears that P max is caused to change as a result of 
synergistic effect of a combustion variation related to the mixture with the above-mentioned. 
In the case of firing operations， the minimum values of S/P max are 6 %， 5 % (t却=9OC) and 
4 % (t叩=44OC) under operations with gasoline and methanol and when the suction pipe is 
heated， respectively. 
Even if the operating condition is altered， itis considerably difficult to improve S/Pmax・
This S/P max increases wi th increasingλand attains， e.g.， 17 % (t即ニ9OC) atλニl.2.
If 1:he suction pipe is heated， however， S/P max is remarkably improved to be decreased 

















































Fig. 12 : Combustion characteristics vs. excess 
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The improving effect due to suction pipe heating is thus more remarkable under 
conditions of more difficult combustion. 
3. 3 Correlation between the combustion characteristics 
3. 3. 1 Maximum cylinder pressure P mαx 
Various correlations among the mean maximum combustion pressure P max， its forming 
preiod e (Pmax)， the maximum valueムPmax of a differenceムPbetween the mean combustion 
P and compression P c pressures are shown in Figs. 13， 14 and 15. 
According to these figures， there is a linear correlation between P max andムPmax (Fig. 13) 
and al the points lie on the same gradient line， which does not depend on whether the 
side-valve engine E-252 (SV) or a two-cycle (日)is tested， on 'rhether a tested engine is 
(105) 
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Fig. 13 : Corr己lationbetweenムPmax and P max 
operated wi th methanol (0 mark) or gasoline (・ mark)and on operating conditions such as 
the suction pipe wall teperature etc. The forming periodos of P max andムPmax correspond to 
a condition where flame spreads sufficiently in the combustion chamber and depend mainly 
on such average properties as mixture ratio and charged quantity of fresh air in the com-
bustion chamber. If the breathing air and the engine speed are kept constant irrespective of 
the operating conditions as the present experiment， consequently， itappears that a partic-
ularly strong correlation (coefficient of correlation y=O.9875) exists between P max and d.Pmax・
If the combustion velocity is larger and the combustion completed in an early stage， that is， 
θ(d.Pmax) is shorter， Pmax andムPmaxare formed while the combustion chamber having only 
a smaller volume， whith lower heat loss， so that the values of P max andムPmax becom both 
larger. 
As shown in Figs. 14 and 15， consequently， strong negative correlations exist between 
Pmax and θ(Pmax) as well as between d.Pmαx and θ(ムPmaX)，respectively. When λmcreases 
and S /P max rapidly decreases， however，θ(p max) also decreses in this range (A > 1.3 to 1.4) so 
that within the range there exists on the contrary a positive correlation between P max and 
θ(Pma，). 
(106) 
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Although a similar correlation can be observed also when the ignition advance θIS 
altered， P max and LlP max decrease as well as B (p max) and B (ムPmax) increase wi th decreasing 
θ， so that it is impossible to make the experimental results lie on one straight line. Since 
correlations exist between P max andムPmαx，between P間axand θ(p max) and betweenムPmax
and B (LlPmax)， a positive correlation must exist also between θ(Pmax) and θ(ムPmαx).
3. 3. 2 Maximum heat release 
Fig. 13 shows a representative result of the mass rate of burning YニムP/ムP則的
calculated by the Rassmeiler's method (5) from the average combustion P and compression P c 
pressures at 1000 cycle. Z on the abscissa is a ratio of the crank angle θfrom combustion 
start to the combustion period Bb， that is， Z = B/θb and the combustion start and end corre-
spond to moments when the cylinder pressure begins to become higher than the motoring 
and whenムPbecomes equal toムPmax・ Accordingto such a result of analysis as this， the 
combustion becomes slower (with slower increase inムP)with increasing excess air ratio λ 
and water content y and decreasing suction pipe wall temperature tw and ignition advance 
B， so that the period of combustion end B(ムPmax)is delayed andムPmαxalso lowered. An 
equation of this mass rate of burning is given by Wiebe as follows(6) : 
Yニ1_e-azm+1…….・ H ・..……...・ H ・..……...・ H ・H ・H ・..……...・ H ・..………(1 ) 
where a and m denote characteristics numbers on combustion and Wiebe described that a = 
6.9，巴=0.1to 1.0 for diesel engine and 1.0 to 3.0 for gasoline engine. However， the results 
obtained in the present experiment under both gasoline (0 mark) and methanol (・ mark)
operations do not coincide with the Wiebe's calculation curve (Fig. 13)， that is， itshows such 
a condition that l]} is lower at the initial stage of combustion and becomes large towards final 
stage. Now， let us determine an average value of巴. Read the value of Z at Y =0.5 out of 
the Y versus z curve and after substituting it into Eq. (1) calculate the value of包 backwards，
then， although the value of l]} depends to some degree onλ， t即， θetc.， it is kept within a 
range from 2.5 to 4.3 (see Fig. 12). With Y denoting the mass rate of burning， the rate of 
heat release is given， from the Wiebe's formula (1)， by the following : 
ぷハ dY ~~ _ ~_m十 1 刑?ニHuGf zfHu Gf e az 仇+1)令・… ( 2 ) 
d Q _() .1-.~~ __ r 1 i 1/(m+1) 
Differentiat空Eq.(2) with θandMZFO，伽 z=l耳石司)J ' which 
condition for豆皇tomaximum 
dθ 
Consequently， the maximum value of heat release(五到…¥ dθr叫 A
(~否一 HがιGιαa/マ万討司F汁礼)入ta削αx A比0仇b OV空引伽伽(凶断m肘叩刊刊十刊叫1υ川){仰凶山(m川川+刊叫lり川)汁}凹町+叶叶九1け~)」e山吋+1υ) ............... (け川3幻) 
where Hu: The lower calorific value of fuel， Gi Flow rate of the fuel， Ga: Quantity of breathing 
air， A: Excess air ratio， Mo : Theoretical air /fuel ratio， Bb: Duration of combustion， eland田:
Characteristics numbers on the combustion. 
Since， inthe present experiment， Ga is constant， the experimental value of坦 is2.5 to 4.3 
(108) 




Fig.16 ・Burningmass rate Y and Wiebe's function 
and the corresponding value of a(m + 1)・jm/a(m+1)1.e-m!(間十1)2.3 to 2.8 provided that _el = 
6.9，0川 hea則的tlO川hatthis value is also constant， the value (豆町 is proportional to 
¥ d B J 
(Hu/Mo)/(λ仇). From the equation of energy equilibrium for mixture in the cylinder as well 
as that of state for gas， on the other hand， the rate of heat release is given by 
dQ _ A (" ，.dV ， TTdP¥， dQw 
dθ 一下I¥fC.PdB + Vde )+ -de" ・・・・・ ・ ・ ・・・・・・・ ( 4 ) 
where Q: Quantity of heat release， Q叩:Quantity of emitted heat，θ: Crank angle， A: Heat 
equivalent of work， x: Specific heat ratio of mixture in the cylinder， P: Average combustion 
pressure at 1000 cycle， V: Volume of the combustion chamber 
If successive numerical calculation of Eq.(4) is carried out with the average pressure 
(dQ 
diagram， consequently， itis possible to obtain easily an effective rate of heat release ( u_， ~ 
¥ dθ 
d皇笠i.While an empirical formula on (dQw/dθ) is proposed， Fig. 17 shows a relation 
dθ~ 11 T 11¥ Jr ¥ /( ， i'l ¥ ~..........l. (五亘 d豆dbetween (Hu/Mo)/(λ仇)and ¥必必 )max which 15calculated instead of(dG/dθ)mαx 
because dQw/dB is proportional to dQ/dB and山 valueis compa削附lysmall. From the 
figure， itcan be seen that the experimental values either case of methanol (0 mark) and 
gasoline (・ mark)operations lie well on a straight line and， for this reason， that there 
( dQ¥ exists a strong positive correlation (y=0.9584) between ( U_，~ t~v and (Hu/No)/(λBb). ¥ d B Jmax 
Since as mentioned in the preceding section Pmαx increases with decreasing combustion 
period Bb， Pmax is proportional to 1/).θb. Consequently， a positive correlation (γ=0.9225) 
exists also between (豆王立i and P max (Fig. 18) 
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Fig. 18 : Corr巴lation betwe巴n(dQ/dB)max and Pmax 
(110) 
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4. Conclusion 
The influences of methanol-operating conditions of four-cycle spark-ignition engine on 
the engine power， the characterisitics of exhaust gas and combustion variation were in 
vestigated experimentally besides the correlation among combustion characteristics. The 
obtained results can be summarized as follows : 
1 ) Since methanol evaporates only inactively in the suction pipe because of its large latent 
heat， itis necessary to promote evaporation by heating the suction pipe wall makes the 
concentration of total hydrocarbon THC decrease but on the contrary that of nitrogen oxides 
NOx increase. Although it is possible to lower NOx by means of operating with lean mixture， 
the engine power decreases simultan巴ouslyso that there is not almost advantage in com 
parison with gasoline operation. If water-containing methanol is used and its water content， 
the suction pipe wall temperature and the ignition timing are suitable to reduce remarkably 
NOx without lowering the power. Since in this case the concentration of aldehyde RCHO is 
considerably higher than that under gasoline operations， itis necessary to remove it through 
some appropriate measure 
2) The coefficient of cycle variation S/P mαx in maximum combustion pressure has a mini-
mum， about 5%， near A=0.85. 
Since， the value of S/Pmax increases with increasing A and when λbecomes larger than 
a certain value， itdecreases. 
In general， the value of S /P max increases wi th increasing water content y and decreasing 
ignition advance B but it decreases by heating the suction pipe and at the same time the 
combustible range also expands towards the leaner mixture side. In the case of Aニ1.2，e.g.， 
it is possible to improve S/Pmax from 17 to 9% at tw from 9 to 440C， respectively. 
3) Pmax andムPmαx，characteristics of the combustion pressure， as well as the flame velocity 
V f take respecti ve maximum near the excess air ratio A = 0.85 and at the same time their 
respecti ve forming periods θ(PmaX)，θ(ムPmax) and the combustion duration仇 havere 
spective minimum. Since mixture burns more slowly with increasing λ，θ(Pmax)， B (ムPmax)
and Bb increase， whereas P max，ムPmax and V f decrease. At constant λ， B(Pmαx)， B(ムP間αx)
andθb decrease and P max andムPmaxincrease with increasing suction pipe wall temperature， 
decreasing water content y and increasing ignition advance θ. 
4 ) It is possible to observe positive strong correlations between P間αxandムPmax， between 
θ(Pmax) and B(6Pmax) and between S/Pmαx and θ(Pmax)， whereas negative between P削 xand 
θ(Pmax) and betweenムPmaxand θ(ムPmax)
5) Although the mass rate of burning Y does not always coincide with the Wiebe's function， 
backward calculation of the characteristics number田 withan experimental value Z (言。/仇)
at Yニ0.5reveals that the value of I1 decreases， within a range from 2.5 to 4.3， with in 
creasing excess air ratio A and ignition advance B. 一、
(d Q¥ 
6) The maximum value of the日teof heat release ¥ d B ) maxare li聞の propぽ tionalto 
(Hu/Mo)/λθb and lie well on a straight line irrespective of gasoline or methanol operations. 
This result coincides sufficiently with that of qualitative analysis by means of the 
Wiebe's fu配 tion. A positive strong correlation exists between this ( d Qi and Pmax・







































Heat equivalent of work (Kcal/Kg，m) 
: Carbon monoxide concentration (%) 
: Frequency of combustion pr巴ssurevariauon 
: Flow rate (g/sec) 
Lower calorific value (Kcal/Kg) 
Power (Ps) 
。TheoreticalAir /Fuel ratio (Kg/Kg) 
Engine spe巴d(rpm) 
: Nitrogen oxid巴conc巴ntration(ppm) 
。Av巴ragecombustion pressure at 1000 cycle (Kg/cm') 
: Average compression pressure (Kg/cm') 
: Maximum combustion pressure (Kg/cm') 
: Av巴ragevalue of maximum combustion pressure (Kg/cm') 
: Pressure di fference the m巴ancombustion and compression pressures (Kg/cm') 
: Maximum value of pressure diff巴renceムP'(Kg/cm')
: Quantity of heat release (Kcal) 
Quantity of emitted heat (Kcal) 
: Aldehyd巴concentr且tion(ppm) 
Standard devi呂tlOn
Coefficient of variation 
Total hydrocarbon concentration (ppm) 
Exhaust gas temperatur巴 (T)
Suction pipe wall temperature (T) 
Flame velocity (m/sec) 




Crank angle ("CA) 
Combustion period ("CA) 
Specific h巴呂tratio of mixture in the cylinder 
Excess air ratio 
。Characteristicsnumbers on the combustion 
(Received May. 20， 1978) 
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帽 山 政 良
Analysis of Radiative Heat Transfer 
(lst Report， In case of compound heat transfer with 
radiation， convection and internal heat source) 
Masayoshi Kobiyama 
Abstract 
Th巴 energyequations of compound heat transfer with radiation and convection are non-linear integro 
differential type which is not巴asyfor analysis. In this report， one of the numerical methods is introduc巴d
under the condition of uniform radiative properties with Monte Carlo Method in order to make the analysis 
possible and easy. The analytical results of this compound heat transfer with internal heat sourc巴provethat 




























































































































( 2 ) 



















qRw1二←E加けi:OOfoYO 4KEg{i:00云三 COS<T1 dz}dy dx 
十i:OE山2{f二日記c州 12仰χ
( 4 ) 
















( 7 ) 
以下，F¥FI をおのおの「一次元J，二次元」と冠しよぶ。 FIおよびF は，数式
上，Einsteinの定議した関数Fn51および指数積分間数Enとつぎの関係がある。
dxd1/ F~g( r) =言刀ニFI(r) 
ydx FE日(r)ニーーす-Fz(τ)Lπ4叩 1
2Kydxdy F~g( τ) = _L，.τ-;-;--~ Fz(τ) 
JL uW 
_ 2ytdx F~w( r)ー ヲ万一F3(τ)
( 8 ) 
ただし，r はKSを表し(二要素聞の平面上の光学距離)， Fn(τ)は次式をもって示される。
1"2 
Fn( r)ニ Ie-r/cosφ(COS rt)n-1dめ (n=1，2，3) 
F1g(τ)=κdyEl( r)/2 
( 9 ) 
F~g( r) =2κdyEz( r) ??????
F1日 (r) = Ez(τ)/2 
F~w( ro)二 2E3(ro) 
ただし，rは却を，roはκYO(二平面聞の光学距離)を表し， En(士)は次式をもって示される。













(Exchange Factor Distribution Method) を導入(他の系に対し有効な方法は後述ないしは
付録3に示す)し用いる。


























FI(j)=FII(IJ)+2ZFI(i，f)=FII(l， j) 十 2~FII(i， j) (14) 
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P2(X2， Y2) = P2( 1sm刀sm'P十X1，aRlcosη+ bR) 







P2(X2)二 CRtan I)sin 'P十Xl






c)放射束の吸収位置 空間の点を直交座標系P (x， Y， 2)をもって示すものとする。
式(16)は図 4に示すような球面座標系p( 1，ヮ，t)を用い与えられるので¥これを Pに変
換すると放射束射出位置 P1 (XI， YI， 0)に対応した P'2(X2， Y2， 22)が得られる。式(6 )に示
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e)一次元形態係数 上述の Fllを式(14)へ代入し求めた一次元形態係数を図 9に示す。二
平面聞の光学距離 Toが小さい場合および FIの値が小さい領域においては確率計算個有のばら
つきを有しているが，式(17)から明らかなようにつぎの関係が成立すること




























































































































また， ONと OEFD の比をとると次式となり， EFD法による Fは一般的な MonteCarlo法によ
るよりも，精度の高いことがわかる。













適 用 範 図
名称
モデルの形状 放射吸収係数 温度に関する境界条件
N 法 制l |坂 な し 告[J 限 な し 嗣l 目浪 な し
位置の関数として与えら
DPE法 市Ij 限 な し 市[J 限 な し
れる場合
同ーの形状，大きさの微
定 の 場 Z仁入I 市[J 限 な しEFD法
小要素に分割できる場合





















TJl-T{? ，T，'fl-1-2 TJl+ Tsn rucp一一一一一二人 41Ca( TJl)4+ Q~i.þ+qin ムy2 ムy2 (26) 






QR即l=-qR即 1十EW1 (28) 
図 11に示す壁面およびその近傍の微小要素を用い，差分近似を行なうと，式(3 )の差分式は
つぎとなる。









n • TJJ-l_ T'~l _p 
q;l二A4ムy/2)…-σ(Tム，p)4+Q~;;;Lp (30) 
壁が等温であれば式 (30) よりその熱負荷 q~l が求められる。等熱流束壁の場合には，壁温 T;)I1，p
はつぎの 4次方程式の解として求められる。











ay / ax (32) 
4. 1 設定条件および境界条件
伝熱系の設定条件および境界条件を与えるため，つぎの無次元数を用い，式(12)の条件下
で式(2 )および式(3 )を整理すると式 (34)，(35) を得る。
(124) 
放射熱伝達の解析 747 
U二 U/Um，Re = UmYo/ν，Prニrcpν/A，θ二 T/T却，ry=ICY， ro二 κ.Yo，
y= Y/Yo， X=(X/Yo)/(RePr) ， NR 二入κ/(4σ T~) ，
Qin=qinY~/(À Tw)， Nux=qxYo/A(T日 - Tm) 
????
、?????????
ujf=呼τ 忌{e4- ~Co何年(乃)dry-l [FLg(白川)
+FLg(山)]}+Qin 










Tn" 〓，nX + T~ d二一二二一一一 n
rUmCp υ 






てo，NR，qinおよび@を表わすには， A， x， To， Tw， yo， qinの値が必要となる。前述の理由に
より，これらの値を無次元数としてではなく与える。各計算例に共通な値として， to， tw， yo， A 








X=O : Tg= To 
X<O :qinニ O YO二 1.0m
gニO，Yo:Tg= T即
4. 2 解析結果と検討
4. 2. 1 放射吸収係数を変化させた場合 内部発熱量 qin=105kcal/m3hとし，作動流体の放
射吸収係数 xを変化させた場合のY方向の温度分布@を図 12に， {，走路中央部 (y=Yo/2)の温
度。yo/2および Y方向断面の混合平均温度 8mをx方向に対し図 13に，局所ヌッセルト数
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4. 2. 2 内部発熱量を変化さすた場合放射吸
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付録 l 放射を考慮したときの基礎方程式
1.1連続の方程式，質量の保存式は次式により与えられる。
3ρ 一一+17 (ρq)=β (1. 1) iJt 
ここで，qは流体の速度ベクトル， ρ は密度，t は時間である。 βは放射による原子核の質量変化を示し，一般
に小さな値であり省略される。したがって，連続の方程式は放射の有無にかかわらず同ーの式となる。
1.2運動の方程式 運動量の保存式は次式により与えられる。












ρ守f二 j7.[(P+PR)ql+j7.(q'rs)+ j7'(q'rR)+ j7'(Aj7T)十 j7'qR十Q (1. 5) 
ここで，emは単位体積当りの全エネルギーで次式により示される。また， Aは熱伝導率，qRは放射の熱iIT.束 T
は温度，Qは内部発熱量である。









放射熱伝達現象の諸頻度分布 (frequencydistribution)を確率密度数 (probぬilitydensity function)へ正規化
(normalize)し，確率計算に用いる累積分布関数 (comulativedistribution function)を得る。
2.1放射束吸収距離放射線の減衰を考える。
i)頻度分布 f( r) r=かdlとし rニOより射出された放射線が円。 に到達するときの強きはビアの
定理からG一四となり ，L1 Toの領域てや吸収されるエネルギー量はe-roL1 Toとなる。 したがって，放射線(束}が光
学距離dこおいて吸収される頻度分布f(τ)はっき‘となる。
f(τ。)J ro= e-ro L1 <0 i.e.， f(τ)ニe-r (2. 1) 
ii)確率精度関数 P( r) f( r)に正規化を施し，P(τ)を得る。
P刊ん附(什ωrθ)怜士ザfバん川(什ωτけ吋)
iiο)累積分布関数 R(rけ) 次式により求める R(rけ)カがず勺O~妥玉 R<lの一様乱数に対応する。











f(so)dso=dso i.e.， f(S)=l 












































4lCEgo=fA4lCEgPgg A+hEωPω'gdx+Bgo (3. 3) 









第0近似としてT;，T(/，を与えると4ICE;，E(j，および式(3.1)から B~o，B~。が求められる。また，式 (3.2)から P' を
求め， )11員次反得計算を行ない，第n近似解を次式から求める。
4κE;o=fA4ICE;-1 P，ゐdA+ hE::'-l P::'gdx+ B;o-l 
















CgO二 fA4ICEgPgdA + hEwPwgdx ?? ?????
、??????、




ム E~-l =E~-l- E~-2 
????????




N法におけるE;-I，E[i;-1の代りにムE;-1，6E::'-1 を用いるがDPE法 (DifferentialEmissive Power Emission 
method)である。 n=lでは，式(3.10)のムEn-1を与えることができないので，任意に与えた第O近似からN法に
よりつぎのCi。を得る。
Cio =f A4ICE1P}gdA + f LE?vP!vgdx 







(3.11 a ) 
(3.11 b ) 
(3.12) 
EJ};o=CJ};。十BZf (3.13) 
ここで， DPE法とN法の等価性を検計する。式(3.11a )の C~。に篇目すると ， c;oはつぎのように書き直すこ
とができる。
C;O '=JAムE;→P;gdA+hムE;};-'P;};gdx+ J AムE;-2P;g-'dA+ hムE;;-2P叫 dx+…
十九ムEJ，pigdA+ fム E~P~.dx十 JA4KE%PigdA+hEil，P~.dx 
=JA4K[E;-' P，ゐ E;-2 P;g十E;-2P;g-I-E;-3 P;g-I+…・・・・・・+EiPig -E%Pig + E%PigJdA 




C;o=JA4KE;-1 P;gdA十JLE;};-I P;};gdx 
これを式(3.12)に代入すると次式を得， N法で用いる式(3.5)と同ーとなる。
(3.16) 






SL=-{hEωdx+ J A4KE.dA}/ N， (ただし， n=l) 






















NOJ(x，y)= _，t_今E一一一一 xN(x，y)= (l-e-'max) x N(x，y) (3.20) 
I e-'dr 
Tmaxは放射束の指向在を考慮して，着目する点P(x，y)から温度に対する境界条件が位置する場所までの光学距離





R， = I e-r' dτ， / I eγdr'=(l-eτ)/(l-e-r削 X) (3.21) 
010 "'0 
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On the Loosening of Threaded Fastenings 
Ken-ichi Saito 
Abstract 
The purpose of this paper is to explain the mechanisms of th巴looseningdue to the rotation between bolt 
and nut which fasten two plates. 
The conditions of the loosening depend on the ratio of the frictional torque on the threaded portion to that 
between nut and plate. 
The frictional torque depends on the coefficient of friction on the contacting surface and the diameter of 
equivalent frictional circles. 
To confirm experimentally the effect of thes巴twofactors， the loosening tests wer巴carriedout. Thes巴
巴xperimentalresults agreed quali tatively to the theory 
Further， th巴巴xp巴rimentson the stability of frictional torque were c丘rriedout 
Based on these experimental results， the pr巴dictionmethod of the loosening occurrenc巴wasexamined 
As a result， i t seems that the m巴thodcan pr巳dictfairly well the loosening occurrence compared with the 




































る。ここでゆるむということは， Mlがねじのしまり側 図-1 ねじ結合モデル
に回転したときはナット座ですべり，ゆるみ側に回転したときはねじ面ですべることであるか
ら表 1の条件式(2)と(3)を合わせて，ゆるみを生じる条件は次の不等式(5)で与えられる。
TSlく、 Tnく TSf ( 5 ) 
ねじにおける力のつりあいを考慮すれば、(5)式から(6)式が導かれる。
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変動巾に落ち着く傾向がある。したがって締付け回数 10回までは全数記録し，それ以後， 25， 
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( 5 )' 
の場合は不可逆的なゆるみが起り，
<Tu ---
Tn ( 7 ) <1 
の場合はねじ面ですべりが生じる。
ねじの力学より締付ける時には
Tf _ TSf I Tn 一一一一p P' P 
また，
( 8 ) =今t州川)+今μn
ゆるめる時には
T1 TS1' Tn 
子子-P'p





摩擦面の摩擦係数は同じであると仮定し， (8)式から Tf/Pに対応するトルク比TSf/Tnを， (9)式
から， TdPに対応するトルク比TsdTnを求めると図 12のようになる。この図から 1種ナッ
トの場合，初期の Tf/Pが0.122以上のときは Tsf/Tn<1ており， TdPの大きさにかかわらず
TsdTn<lだからねじ面すべりの条件を満たしている。一方，初期の Tf/Pが0.122以下であれ








(初Tf，期/P{fl〉 初期的す 中Tf，の!P訟(小実1，験1，) ゆるみの予測 2 種 (T初J期Pjflh) 初期のす式 中TfiのP最(小実1~験() ゆるみの予測ナット ベリ形式 ナyト べり形
→ 、 0，279 ねじ面 0，212 ゆるまない <' 0.252 ねじ面 0.194 ゆるまない
ン 0.225 ねじ而 0.206 ゆるまない ン 0.184 ねじー由 0.178 ゆるまない
J〆 ./ 
r由 o 312 ねじ面 0.226 ゆるまない J由 0.262 ねじ面 0.209 ゆるまない
0.185 ねじ同 0.178 ゆるまない 0.178 ねじ防I 0.160 i主寸I カミらゲ ゲ ゆるみ始める
0.194 ねじ面i 0.160 ゆるまない 0.170 ねじ而 0.169 ゆるまない
ス 0.212 ねじ面 0.172 ゆるまない ス 0.166 ゆるむ 0.148 主土争)J カ2 らレ，:)> る む
モ 0.146 ねじ面 0.077 i主中カ通ら モ 。‘125 ゆるむ 0.070 松初J か bつゆるみ始める は〉 る む
i主ヰ1 カ‘ら 桜一初J カゐ 句硫フ 0.148 ねじ而 0.067 ゆるみ始める 硫ブ 0.126 ゆるむ 0.067 レ，:)> る む
ア j主中カ、ら
ず
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A Study on Thermal Conductivity and Vapor Diffusion 
in Frost Layer 
Ikuo Tokura. Hakaru Saito 
Koki Kishinami， Kazuo Muramoto 
Abstract 
In a refrig巴rationsystem， frost formation on a surface of heat exchanger often causes r巴ductionof heat 
transf巴rrate and increas of flow resistance of f1uid f10wing through the exchanger and is巴ventuallybound to 
an undesir呂b1巴increaseof power supp1i巴dto the system. Th巴refore，to study heat and vapor transfer in a 
frost 1ayer is very much important from the viewpoint of heat engine巴ringpractice. 
The且uthorspresent巴d，in this report， new formu1as to estimate the therma1 conductivity and the diffusion 
resistance factor in a frost 1ayer， both of which have corre1ationa1 effect not on1y on porosity' but a1so on 
microscopic structure of ice crysta1 in the frost 1ayer. The uti1ities of these formu1as were examined by 









































Pニ(B-bと(L-S) 弗 γf= 1 …・…・・・…・・…・一一・…・…・・… ( 1 ) 
rice 
となる。ここで，後の計算の便利のために，係数Eを
E=l-f(P記豆1) ........................ (2) 
と定義する。すなわち， Eは霜層が熱流に対してどの程度直列的であるか(または並列的であ
るか)を意味する係数であって E二 Pのときは霜層が直列構造のみで構成されている場合に








日 ( 3 ) 
1ーを(1-E).(1-K) 
が得られる。ここで， K =kair/kiceである。








kfmaxご Pkair+(1-P).kice ・・…・…・・…・……・・…・・ー ( 3 -b ) 
が得られ，図 2で示される通常の直列および並列構成の熱コンダクタンスに一致する。
霜層の拡散抵抗係数C (Krisher<4)による diffusionresistance factorの逆数)を









二1一(1-E)・(1-K).P/E …..・H ・-………………………… (5) 
となることがわかる。式(5 )において，直列構成のみの場合にはEニ Pとなることから，拡
散抵抗係数Cは最大値をとり
















o 0.2 0.4 0.6 0.8 
( 1-P ) 

















. ( 6 ) 1-P 1/ 5•(1-P4/5)・(1-K)
c p 
ご 1 Dl/5・(1-P4/5)・(1-K) …...・ H ・..………...・ H ・..………(7)









(1_P1/3)+ /， ~?~ (1-p2!3)十Kp2!3
KP 



















































2πRTf77二 2πRhM(n∞- rlS)-Gs…………H ・H ・...・H ・(10)
となる。式(9 )および式(10)中のGsは，単位時間当り表面から霜層内部に拡散してゆく水
蒸気量を表わし
Gs二2πRID.C牛l_1 ... …・・・…・ ・ ( 11) 




一壬 (rk互主i=宅旦rD. C( !Z' !3 -n P"'2 i立 1... (12) dr ¥，"f dr)- R2-r~ l1FV\R~T3 RgT  ) dr Jr=R 
境界条件 fニ ro=で T=Tw 




H I dR 官 R R¥ r ~ ~I H'ρρ ¥ dT 1 
sニ I~ーと一一一 ln トIDCIー←一一 一一一τ ト一一|
kf ¥ R2-d ‘ ro 2/ L~~\ R~T3 RgTZ / dr Jr=R 
R{hH( T∞- Ts)+ H hM( rloo-rlS)} 1.. R …
H ・H ・(14)h ∞ ln~+ Tw 
f r。
dT¥ !ZH( T∞ Ts)+H hM(rl∞ rlS) 
) r=R二 rr.，，( H'ρρ¥1- ..... (15) 
/ わ+HIDCトーで 一一一一τ)1


















































以グ . ー . 圃 。。 2 t‘ 5 6 8 g 4 5 6 8 
"t (h) ペヒ (h) 






































































Rg 水蒸気のガス定数 (kg . m/kg'k) 
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Utility and Limit of Liquid Flow Switching Device 
Mitsuhisa Yamashita and Yuzuru Kubota 
Abstract 
Characteristic of a liquid flow device which switches a liquid jet into air is very differ巴nt企oma bistable 
fluid amplifier which is usually used. 
For example， liquid jet into air is more stable than into liquid. Because of this reason， the occurrence of th巴
attachment of the main j巴tto an adjacent wall is difficult. In order to make the attachment occur， we choose 
the method of introducing the control flow that is the same liquid with a jet 
In this paper， effect on the occurrence of the attachment by the variables which describe a simplified 
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Devices for Mathematical Ratiocination 
Yoshio Kinokuniya本
Abstract 
The principl巴Sof induction and reduction in th巴philosophicalmeaning are studied to give some important 
devic巴sfor the objectivist foundations of mathematics. Some redundances of assumption are taken up to 
promote estimation sch巴mes. Finally， some relative events are discussed with a special view to th巴
methodological dualism 
o Introduction 
If we simply denote by E(ρ) the assembly of events which fulfil a property 
ρ， itmay not be other than a mere abstract designation. However， ifthere 
factually is found a certain event e fulfilling ρ， then we may certainly have 
eεE(ρ) (0.1) 
and may be convinced that 
E(ρ)ヰとめ.
In this case e isconsidered as an evidence for the fact (0.1)， and E(ρ) as the 
extension of 1叶 Thisprocedure of conception will generally underlie 
mathematical analyses. If E(ρ) is proved to make a determinate set， itis 
called the range of ρ. 
Now we take up the procedure of ‘induction'， which may be defined as 
follows By induction is meant argument from the particular to the more 
general concept.l) According to this definition， the above-mentioned argu-
ment may be considered as an induction from 1 ef to E(戸). The only problem 
in here is to examine if E(p) may be considered as a determinate set. 
If an assembly L(p) is put to be such that only and al the events of L(P) 
are capable of being examined on whether ρis fulfilled by them or not， and if 
L(p) is a (determinate) set， then L(ρ) is called the level ofρand ρis said to be 
levelized by L(β). If L(ρ) and E(ρ) are both determinate， and if every ele 
ment of L(ρ)-E(ρ) does not fulfil ρ， then ρis called an objectivistρroperty. If 
no fear of confusion， by ‘a property' we mean an objectivist one. 
If E(c) is the total aggregate of events which are to be caused by a certain 
cause c， then E (c) i s also called the range of c on condi tion tha t E (c) i s 
determinate. Induction and levelization too， are analogously argued about c to 
the case of a property. If an event e isconsidered to be caused by either one 











is said to make a redundantρart of causality for e. The argument which 
concludes the part 
C1V・・・・・・・・・VCm
to be sufficient to cause the eve口te instead of 
C1V・・・・・・・・・ VCn，
is considered as a reduction， 
In logical calculus， ifthe clauses ‘Pabc' and ‘-Pxyz. ^. p_μz' where ρ1S a 
predicate and x， y， z are unknown while a， b， c are constants， are gi ven as 
premises， then i t isconcluded that -Pbac. Such a procedure may also be 
considered as a reduction. 
1 Maximization 
Gi ven a property Jうconcerniga set， ifa set E is found to fulfil p， E is an 
evidence for p， and thus， ifwe denote by E(ρ) the class of sets which fulfil 戸，
we apparently have 
EE E(ρ) 
and then we may be convinced that 
E(ρ)ヰct.
When a set E fulfils the propertyρ， we write 
Ecρ， 
(1.1) 
which means the same thing with the relation (1.1). 1f for any two sets A， B 
(in a certain universe) we klways have 
A亡 B.&.BCρ 争.ACρ，
then βis a fegfessz-ueρroperty (of a set). Suppose that the propertyρis re-
gressive and that there is a family of sets M which satisfies the following 
condi tions : 
( i) MCE(ρ) ; 
(i) A，BεM&.AヰB:今 :AcB.V.Bζ A; 
(ii) U(ρ)=UAEMA.&. U(ρ)亡K.&.U(ρ)*K:今 .Kc仁ρ.
Such a family M is called an incrωse completion in respect ofρ， and if U(β) 
can be considered to be determinate as the sum2) of M， thenρis said to be 
maxirnizable in resped ofρ 
Now， following fads are provable : 
(1) a regressi ve propertyρis not always maximizable ; 
(I) even ifρis maximizable， we do not always have 
U(ρ)こρ.
(164) 
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(I) may be verified by the following counterexample. Let us define a property 
ρsuch that for any subset A of the closed interval CO，lJ 
Acρ.=.1花A ニ O~)
Then， ifAo= {O， 1} we certainly have Ao cρ， and we easily see that p is 
regressive. Now suppose thatρis maximizable and M is an increase com-
pletion in respect ofρ. Then i t m ustbe that 
備U(ρ)ヰ0， (1.2) 
because : ifm U(戸)=0，then CO，lJ -U(ρ)ヰ φsothat we may take out a point 
βE CO，lJ -U(β) and define U1 by 
U1二 U(p)U {β} 
for which we apparently have 
rnU1=0. 
Hence we see here the condition (ii) is not satisfied. On the other hand， for 
any increasing sequence of sets (A k)(んこ1，2，.一)taken from the family M， we 
have 
rnAk=O， 
hence rn( U Ak) = o.
Thus， in the light of (1.2)， we see that M cannot be a summable family2l， so that 
U(p) cannot be the sum of M. Consequently，ρcannot be maximizable. 
A counterexample verifying (I) will be shown at the end of the next sec-
tlOn. 
2 Probabilist Unionization 
If there is promised the one and only one ticket to be found as the winning 
one among n tickets， and if the probability of winning is stipulated as to be 
uniformly equal for every ticket to the same value Pn， then we have 
ρn=J(21) 
hence limρn=O. (2.2) 
However， ifwe leave the stipulation (2.1) unapplied and directly watch the 
factual condition， itmust utterly be essential that there exists the only one 
winning ticket. So， let this one be the kth ticket. Then， the other tickets 
which are not kth， must make up together the redundant part for the proba 
bility of winning. Thus the situation must be such that 
ρn(k)ニ l
and Pn(j) = 0 (j宇k)
where ρn(j) means the real probability of winning for the jth ticket (j= 1，…， n). 
There has been an argument that， in the light of the evaluation (2.2)， we 
may assert that no ticket would win in the limitless case ; which has been called 
*) m means the a priori measure which is a generalized extension of Lebesgue measure 
(165) 
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the lotteryρaradox. However， we may say that the stipulation (2.1) should not 
be so sophistically (or psychologically) treated as such. On such a procedure as 
(2.1)， the probability for a single individual willlose its significance but that it 





should also be maintained. So， we may assert that the total possibility of 
winning is always equal to 1. Hence it must be denied that no ticket would 
WlD. 
Some similar situation to the above-mentioned is observed in the negation 
of total additivity of a homogeneous probability measure. If for any two sets A 
and B of real numbers we have 
Pr(XεA):Pγ(XεB)=JnA:街B
on condition that both仇Aand 仇Bare finite， then the aleatory variable X is 
homogeneous and Pγ(XεA) is a homogeneous probability measure. In this 
case， denoting as 1=(一∞，∞)andん lxI k-1 ~ x <k}， we may easily see 
that 
Pr(Xεh)ニo for al k二 1，2，・，
so that 
2.}Pγ(XεIk)= 0ヰ 1=Pr(Xε1). 
Thus， i t has been asserted that the measure P r(XεA) cannot be totally 
additive. 
On this problem， parallel to the recognition that 
Pr(Xι1)=1， 
we must attach importance to the fact that the total accumulation of the events 
Xεム(k二 1，2，…)
must make an equivalence to the probability of the event 
XEよ
So then， we sould in aロyway interpolate the relation 
I=Ulk 
in the argument. In this context the summands 
pr(XζIk) (k=1，2，…) 
(2.3) 
should be considered as infinitesimal quantities to make up the total value 1 in 
connection with (2.3). Hence， let us represent this constitution as 
Pγ(Xε1)二 (u)2.}Pγ(XεIk)
and cali the right side a unionizedmmmhion-TheH，we WIll naturally have 
the following relations to be asserted : 
(i)(u)ER(Xdh)二 Oand (u)ER(XεIk)= 1 (η 二 1，2， ..); 
(166) 
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白i) (u)ZP7(Xεω二干 (ν二以 )， etc 
In the above case， ifwe define a propertyρsuch that 
Acρ.三 .Pr(XεA)ニ 0，
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then ρis regressive. Then， itcan easily proved that戸ismaximizable but 
U(ρ)江ρ;which verifies the fact (I) shown in Sect. 1. 
3 Redundance in Estimation 
In case of the lottery problem， ifevery real number is a ticket index， and if 
the ticket indexed by αis the one and only one winning ticket， then we have 
ρα二 1，ρx=O(x宇α)， 
ρx being the probabili ty of winning of the ticket indexed by x. So， the tickets 
not indexed by αwill factually make up the redundant part of this lottery. 
Such a redundance is called an intrinsic redundance. 
Conversely， when we do not know there is the one and only one winning 
ticket， no other way than the homogeneous estimation is allowed， that is， we 
can expect no other values than the same one for everyρx. Thus， Jうxmust 
necessarily be an infinitesimal quantity. So， ifwe write it as 
ρxニ θρ，
the constitution of our estimation may be realized by introduction of the uni-
onized integration 
( u)にρ=1
which may be defined analogously to the concept of the unionized summation. 
In this context， the intrinsic redundance disappears， but we may say that there 
instead is an implicit redundance observed everywhere homogeneous. 
In case of an estimation of some experimental trials， we may draw upon 
another sort of redundance which grows up practically. For instance， in the 
case of urn-sampling， ifit is unquestionable that the urn contains exactly two 
balls which are ei ther whi te or black， then the following three cases are possi 
ble : (1) w， W ; (2) w， b ; (3)b， b (w meaning a whi te ball and b a black one) 
Suppose that we gain a sample by two times of drawing with replacement 
Then the sample will justly be either of the patter日s(1)， (2)， and (3). If the 
sample is (1)， then the urn is possibly estimated to be either (1) or (2)， so that the 
case (3) makes the redundant part ; ifthe sample is (3)， (2) and (3) are possi ble 
and (1) is redundant ; and finally， ifthe sample is (2)， the content of the urn is 
exactly known to be (2) itself. Each redundance above-mentioned may be 
considered as a sort of informational redundance reduced by sampling. 
Incidentally， redundance may be considered as an essential source of 
theoretical日oise. When an assumed object is not yet ascertined to be really 
existent， itmay at most give a theoretical noise， and if it is in fact inexistent it 
(167) 
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must be a redundance to the conception. 
When we want to conjecture the cause of an event e， ifit is unquestionable 
that the cause is to be found among m causes C1， C2， ・・，Cm， we may refer to the 




where P(Ck， e) is the probability that e is caused by Ck， P(e， Ck) the probability 
that C.k causes e， and P(Ck) is the a priori probability by which Ck is to be 
expected to occur. However， itis usually noted that the assignment of values 
for P(Ck) (k= 1， 2，…， m) may scarcely be decided wi th assurance. Then， the 
authenticity of the formula is considered to be very faint. Thus being the 
condition， itmay be proposed that the principle of reduction suggested by (0.2) 
is preferable as a sounder one. 
4. Methodological Dualism 
In actual mathematical inqumes， there has existed a curious methodo-
logical dualism which is distinguished by the opposition between heuristic 
precept and examinative principles31; which may be restated in a practical 
sketch as follows : for an inquiry， to detect a solution is essentially a different 
thing from having a demonstrati ve way to reach a solution. Such a gap be 
tween solutions and the demonstrative procedures to obtain them should be 
eliminated somehow. For this purpose， itseems firstly requisite to study into 
the total aggregate of solutions of the gi ven inquiry. 
Given a special propertyρ， ifat least one event e isfound fulfilling it， 1 ef
may possi bly be extended to the locus ofρ 
E(ρ)ェ{α|αcρ}. 
If E(戸)is determinate， then it may certainly be considered as the range ofρ. 
However， ifE(β) is not allowed to be so，ρi tself cannot be considered as an 
objecti vist property. Thus being the condi tion， a simply assumed range E(p) 
is essentially no more than a mere object abstracted in the annexed set theory41. 
So， in this situation， we may see a dualism between the given property p and 
its objectivistness which is to be inspected by the examination of E(ρ) ; which 
may eventually be taken as a dualism between ρand E(ρ). 
In the theory of operations (or mappings)， we have a dualism more complex. 
Given an operation /， firstly assume that there exists at least one pair of events 
αand βsuch that 
βニf(α). 
Then we may possibly suppose a (determinate) set A such that 
(V'αεA)(f(α) exists)， 
(168) 
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which is called a domain of f ifthe aggregate 
f(A)={β|β=f(α) ，αεA} 
is also a set. In this case f(A) is certainly the range of f on the domain A. 
Such being the condition， we see that the problem whether a given set A may 
be thought as a domain of f simultaneously draws upon the problem whether a 
set B may determinately exist as a range of f， that is B= f(A). So then we 
may see a dualism between A and f(A). 
The way starting from the set 
f( {α})= {β|β二 f(α)}
to obtain its extension 
f(A)={yl y= f(x )，xεA}， 
necessitates not only the existence of y's but also the existence of a (de 
terminate) universal set Y such that 
(ヨx)(y=f(x))二争.yE Y. (4.1) 
Then， by taking the dualism， we may moreover have a uni versal set X to be 
日ecessarysuch that 
(ヨグ )(X=f-l(y))~.X ε x. (4.2) 
So， we may say that y is bred by f through the condition (4.1)， and inversely x 
is bred by f← 1 through the condition (4.2). 
If there i s anαsuch thatβ=f(α)EEY， then βmust be but a fictitious object 
fabricated against α. If we， notwithstanding the criticism， require the exis 
tence of such aβ， itmust be that we create a new element by βOf course， 
such aβmay not be expected to fit in with the proto-construction5)(or the 
present system of construction). Thus， on addition of the new element the 
proto-construction will be revised and extented to a new system which may 
comprehend βwell together with the previous elements. After duch a re 
vision， the universe X too may possibly be changed. If it is to be such that 
Xニ Y，then the same new elements must be adjoined to both X and Y. A 
good example of such a case is given by the adjunction of /三~ to the real 
numbers. 
If the set f(A) cannot exactly be determined though i tsexi stence cannot 
be denied， then f(A) will possibly be considered as an undecidable object. 
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Several Further Extension Criteria 
Kazuo IWATA 
Abstract 
Inf1uenced by Agnew-Morse 6)， by modifying the recent work 29)， the author furnishes sev巴ral
further extension criteria 
Introduction. As abstracted above， the present investigation is continued from 
the short note 29)， etc. That is， in a word， inthis paper， by means of the earlier [19)， 
Lemmas 1-4]， various extension theorems such as of the Hahn-Banach， Krein's， Agnew-
Morse's etc. are simultaneously generalized. 
For such a sake， totel the truth， the problems with which we are concerned here 
amount to sornewhat general setting (nevertheless the conclusions are not so com-
plicated). Besides， this time， some pairs of our results are given to overlap each other 
respectively (see e.g. Theorem 1 and its Corollary 3). The reason is that the problems 
of an Abelian semigroup of linear transformations are treated more circumstantially 
than those of a semigroup of linear transformations 
For reference， itmay safely be said that the present results are self-contained 
except the Zorn's lemma. Partly for this reason， itappears to me that the viewpoint 
[19)， Lemmas 1-4] is somewhat suited to deal with these materials 
Preliminaries. Let E (ヰ{u}) denote a linear space over the real field R. Let 
L denote a product linear space E x R or topological product E x R (R being endowed 
with the usual topology) We need 
DEFINITION l. If on E there is defined a binary relation代"c"satisfying al postu 
lates in [19)， Def. 1， c)] excepting perhaps 2) and 4)， E is called a preordered linear 
space with respect to ""c". Convex cone C={c>u} is called the associated cone with 
""c ". Preordered linear toρological sρace may be analogized. 
DEFINITION 2. a) Let.q be a gauge function on a subspace KcE. By q ismeant 
a gague function on K with (j(y)二 q(-y) (yEK) 
The set {(y，η) : yεK， q(y)<η}CL， where q is a gauge fu町 bonon K， is
briefly termed the "epigraph" of q. With this terminology : 
b) Let f be a linear form on a subspace McE. Bf stands for the epigraph of f. 
c) Cq is the epigraph of gauge function q on K 
d) Cqc is the quasi-epigraph of gauge function q with respect to C : Cqc = {(y， 
η) : there exists cE三Csuch thaty+cEK with q(y+c)<η}. In this way， c.rc= {(y， 
η) : there exists cE C such that y十cEKwith占(y+c)くり}， i.e.， C石C二 {(y，η): 
(l71) 
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there exists CE三Csuch that -y-cεK withq(-y-c)<η}={( -y，η) : there exists 
CE C such that y-CE K with q(y-c) <η} 
e) CqCY is the quasi-epigraph of gauge function q with respect to C and y (for 
Y， see Theorem 1 below) : CqCY= {(y，早): there exist c巴 Cand T1， T2，…，Tmεr 
(m is fi附)s川畑y+cεK andが(学 Tμ(y十c))<η}.Especially CqC{I} = CqC， 
where 1 isthe identity map of E to E. 
Besides， for convenience， let the notations and terminology employed in 19)， 23)， 
27)， 28)， and 29) be available. 
Statement of the results. Slight modifications of the preceding [29)， Theorem 1] 
yield the following which includes the Agnew-Morse type extension theoremst etc. 
THEOREM l. Let E be a preordered li刀earspace with an assoαated cone C. Let 
K be a linear subspace 01 E， q a gaugeルnctionon K. Let M be a linear subsμce 01 
E， f a linear lorm on M. Suρ>jJose that Y is a semigroup 01 linear translormations on 
E such that T(K)CK and q( T(y))~ q(y) (yεK) lor al TEY. In order that 
(l. 0) there exists an FEE* extending f and satislying 
(b) F(ykq(y+c) whenevery十CE三KlorcεC， 
(c) F( T(y))ニ F(y)βral yEK and Tεy， 
one 01 the lollowing two conditions is necessary and 明f!icient: 
(l. 1) There exists a t.o.l.s. (L，タ)such that 
(i) Bf U CqcS/C (L，タ)+，
(i) (L， .9&')+ぉabsorbingat (0， 1)lor L 
(l. 2) There exβおαωnvexabsorbing set U in E such that Bf U CqC2'U ( Ux {1}) 
zsρositively independent i必L
PROOF. We treat the cyclic scheme (1. 0)=争(1.2)ニ争(l.1)二字(l.0). (札l.0町)=今争(仕l.2幻): 
Hypo仕出加1児les白SlSen仙 t凶 F(ωωy川)~F(y川)+F(c)=n~" 芝F( T.乙μω+村c)リ)二よνF(争Tれ引μバ(ωy+村Cυ)mi 
1 m 
《古q(平Tμ(y十c))for y+ cEK， yεE， CE C， Tp.Ey， wh悦 byCqαcBFfollows 
Hence BF U CqC:7 is positively independent in L， whence one has U = {xEE : F(x) 
< 1} as required. For (l. 2)ニキ(l.1)， appeal to [27)， Rem. 2] and [19)， Lemma 1]. (l. 1) 
今(l.0) : Likewise as in the case of [27)， Th. 1 ("if" part)]， anyway one obtains an 
F1 E E* such that extending f and山 fyingF1 (y) ~抗争Tμ(y十 c)) (y十C
EK，yεE， cEC， T.μE 2; m is finite). This implies (b) of (l. 0) is clear. For (c)， there 
with， inthe light of Agnew-Morse [6)， Lemma 2.01J1， itfollows that Fl(y-T(y))~ 
お(T(y-T(y))+ r(y-T(y))+ 十Tm(y_T(y)))ニキq(T(y)-T川 (y)) 
《長(q(y)+q(-y))(yEK， TE2'， m=1，2，"'). This implies that Fl(y-T(y)) 
~ 0， and F 1 (y -T (y ) )'00 (replacing y with -y) which complete the proof 
t By this the author means Agnew-Morse [6)， L巴mma2. OlJ and Cotlar-Cignoli [24)， I， ~ 2. l. 5J 
t Cf. also Larsen [2)， Sec. 4. 3J 
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COROLLARY 1. Let in仰rticularK = E (in such ca.略的 whatfollows， q is written 
by ρ) in Theorem 1. Then (1.2) is reduced ω 
(1. 2)' Bf U Cpc.? isρositively inde.ρendent in L. 
PROOF. For the sufficiency， since Cqc:tコCq，one can take U = {yEE :ρ(y)< 
1} for (1. 2). 
In practice， conditions (1. 1)， (1. 2)， (1. 2)' seem to be applicable. In fact， in view 
of this， ifwe are concerned with Agnew-Morse [6)， Lemma 2.01]， our proof 1 (that of 
the "if' part of Corollary 2) runs as follows. This proof seems to somewhat simplify 
the origina!. Before starting， we put the following lemma which is also needed in our 
subsequent discussion. 
LEMMA. Let C， K， q， Y be as in Theorem 1. There holds 
(っ か(芝山
》古q(芝1(hihz(叫 l十州+川(仇(y2+州)，
where hi， h~EY; Yl+Cl，Y2+C2巴K;Cl， C2EC. 
PROOF. This is easily read in the proof of [6)， Lemma 2.01] or in the proof of [22)， 
Theorem 4.3.1]. 
COROLLARY 2. Let inρ.art化ularK = E， C = {O}， and f be invariant 1 in Theorem 
1. Then (1. 0) is reduced to 
(1. 0)' (Agne叶 Morse-Kleeかρecondition 11 ) There exists an F1εE*似たηdingf
and satis}うt昭 bothFl(X)~ ρ(x) (xεE) and F1(hlh2(X))=Fl(h2hl(X)) 
(hl，h2εY; xEE) 
PROOF. Necessity of the condition is easily obtained. (Sufficiency) To begin 
with， let x+αlYl+α2Y2=0 (α1，α2>0)for (x，c)εBf; (Yl，η1)， (Y2，加)εCPC!f， where 
I N か(当h;(Yl))<ηI，JFρ(L:J心(Y2))<η2 for hi， h~ε !f. Then， in v附 ofthe lemma 
1r1 i=l 1'V Jニl
and the hypothesis， itfollows that 
市 M，N
c+仰 1+仰 2刈)+布三1F1(hAMYl+ω))二 f(x)+f( -X)=O. 
To this end， generalize (*) by the induction. Therewith (1. 2)' follows which com-
pletes the proof. 
Now， as prefaced before， ifY is Abelian， Theorem 1 isspecified as follows. 
t But， for the fact Fl(glg2(X))=F1(g2g1(X)) (gl，g2EH;xεE)， we owe to them 
t C iscaled invariant if T( c) E C for al c巴C，T E 2' ; and a functional j on M is cal巴dinva門←
ant if M is invariant and j( T(x))ニj(x)wh巴neverxεM， TEダ
ttt This condition is introduced by referring to [6)， Lemma 2.01] and [8)， (2.2) Theorem] 
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COROLLARY 3. Let in仰rticular.? be an Abelzω2 semzgrouρ01 linear translor-
mations on E in Theorem 1. Then (1.0) 01 Theorem 1 becomes equivalent to each 01 
the lollowing conditions 
(1. 3) There exists a convex absOt仇ngset U in E such that ~十 η+1 > 0 whenever 
X十y十Uニolor (x，~) εBf ， (y，η)εCqCfl'， UεU. 
(1. 4)↑ There exists a convex absorbing set V in E such that ! (x ) +η+1>0 when-
ever x二 v-ylor xεM， (y，り)εCqCft，Vεv 
(1. 5) (Anger-Lembcke旬pecondition it) There exists a convex absorbing set V in 
1 /:-E such that the set {f (x ) + .~. q (L:，TJμ(y) ) : xεM，yεK，x+y巴 V+C，m. 1 
7με.?， m isβnite} is bounded b的 ω
PROOF. Now that.? is commutative， by the lemma， CqCfl' proves to be a convex 
cone in L. Therefore the proof of (1. 2)特(1.3) parallels that of (4 3)∞(4. 4) of [29)， 
Th. 4]. Equating V to -U and U. to -V， (1. 3)特(1.4) is easily verified. (1. 4)今
(1. 5) : Let x十yEV十C，say， x十y=v十cfor xEM， yEK， cE三C，vE V. Then in 
1 1:' view of x=v-(y-c)， itfollows that !(x)+η> -1 for -'. q( L:，T.μ(y)) (=δ)<η， m. 1 
i.e. !(x)+δ》ー1. (1. 4)苧(1.5) : Let the lower bound in question be -1 (without 
loss of generality). Let x = v -y for x E三M，(y，η)εCqCfl'(i. e.， there are cE三C，n，
1 n 
SνE.? such as士q(L:，Sν(y+c))(=θ)<T/)， vEV. Theninviewofx+(y十c)
n 1 
ιV+C， itfollows that l(x)+O:;.-l implying !(x)十η+1>0.
EXAMPLE 1 (Analogue of the Banach limit). Let E be the partially ordered 
linear space m X m endowed with the pointwise order， where m is the bounded 
sequeロcespace with zero element O. Let K be the linear subspace m X {O}， and let 
q(y)ニIi函T/vfor y = (η1， T/2，…)， (0))εK. Letting M be the linear subspace c X 
{O}， where c is the convergent sequence space， let ! (x ) = limふforxこ ((6，6;")，
(θ))εM. And let .? = {Tn : T isthe shift such that T( z ) =((α2，仇，…)， (β2， s3， 
・・))for z= ((α1，α2，α3，…)， (β1，β2ヲム，…)εE，n=l， 2，…}. Then in view of (1. 3) 
we obtain an FεE* satisfying (1. 0) 
PROOF. For short， sup{α1，α2，…，sl，β2，…} (resp. inf thereof) is written by supz 
(resp. inf z) for zニ ((α1，α2，…)， (β1， s2，…))εE， besides q(y) (yιK)， !(x) (xε 
M) are written by IT函y，limxrespectively. Taking U二 {uEE:supu<l}， letx+ 
y十u=ofor (x，ご)EBf，(y，η)巴Cqcダ， uE U. To this end， we have 
1 > sup( -x -y ) 
:;. -inf(x十y)-inf c (where cEE+， y十cEK)
t Cf. Remark 2 below 
t Cf [26)， Theor巴m3.4] 
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EXAMPLE 2. In Example 1， let 2" be replaced by !J;' = {T : T( z) = ( γ1， Y2， .・)，
(Ol，δ2，…))， where zニ ((α1，α2，…)， (β1，β2，…)) for which (γ1，γ2，…)， (δ1，δ2，…) 
are resp. some (depending on T) subsequences of (α1，α2，…)， (sl， s2，…)} (i. e.， 2'" 
(コダ)is not Abelian). Then， notwithstanding (1. 3) remains true， (1. 0) fails to follow 
This is made out by the fact that (1. 2) is impossible (Cqc〆itselfis positively dependent) 
COROLLARY 4. 1 K = E in Corollaη 3， the condition (1. 3) (accordingly， so are 
also (1. 1)， (1.2)， (1. 4)， (1. 5)ぬreducedto 
1 m 
(1. 3)' f(x)~古β(~T.μ(x + C)) hol出，where xEM， cεC， T.με .Y，'m ゐ
βnite. 
PROOF. Now that CPC'1 is a convex cone in L， in effect (1. 3)' proves to be equiva 
lent to (1. 2)'. (Naturally， the alternative direct proof can be made.) 
As an application 
COROLLARY 5. Letting inμrticular K = E ; f，ρboth invariant， f (x ) ~ρ(x) 
(xεM)， andρ(-c)~o (cE C) in Coro均ry3， Cotlar-Cignoli [24)， II， ~ 2. 1. 5] a 
lortωri lollows. 
1 /.:f!， rr'¥ I ¥ ¥ 1 ，:!. 
PROOF. By hypo出esis，it follows that f(x)匂が(手Tμ(x))古刻字Tμ(-c)) 
1 /':!:'.-r"<1 ::"rrol ¥ 1 ，:. 《志ρ(平Tμ(x)+平Tμ(c))二百p(平Tμ(x+c))(xEM， cEC， T，.εダ) (if the 
invariance of C is assumed， itis immediate from f(x) ~ρ (x+c) (xEM， cEC)) 
which completes the proof 
For reference， the following is easily seen 
COROLLARY 6. Suppose that fぬaset 01 linear 抑制;forma抑制olEinto E. Taking 
h 
fニ{I}， C={呂Tめ TiE.5T， YiεE，k is似た}， Corollary 4 coincidesωth Klee 
[8)， (2. 1) Lemma]. 
Returning to the subject， we add the following remarks 
REMARK 1. In Corollary 3， invariances of C and f are not assumed. But the 
linearity of K thereof can D.ot be dropped (of course， if2" = {I}， any proper pointed 
convex cone K may be applicable)， i.e.， otherwise none of (1. 1)-(1. 5) necessarily 
implies (1. 0). To see this， let E be the 11 space with 11 norm 1卜1， and let C = {O}. 
1 1 Let K c E be the pointed convex cone generated by a = ( -1一一一 ， ・・)and let -， .， 2' 4 
q(y)ェIlyl(yEK). Let McE be the linear subspace generated by {α} and let 
f(αα)二一2α. And let .:?二{Tn: T((Cl，Cz， C3，…))= (C2， C3，…) for (ふ， C2， C3， 
…)巴E，n=l， 2，…}. This answers the question， i. e.， this satisfies (1. 3) but not (1.0) 
(175) 
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(c) (a priori). 
REMARK 2. Shifting the courses， there are two alternative ways to settle Corollary 
3. One is concerned with the course (1. 0)特(1.4)， and the other isso with (1. 0)特(1.5) 
(to the purpose， (1.2)何1.1) holds directly). 
SKETCH OF THE PROOF OF (1. 0)特(1.4). Since (1. 4) is rephrased by 
(1. 4)# there exists a coηvex absorbi勾 setV 俗 E such that -f(x) + c'< 1 when-
ever(x， c')=(v， 0)一(y，7J) for (x， C')εMxR， (y，η)E CqCy， vE V， 
under L with CqC:f， observe rp巴(Mx R)* defined by rp(x， c') = -f(x) + C'. (Ne-
cessity) Via (1. 4)排， the "only if" part of the Bauer-Namioka theorem.t answers the 
pu申悦 (Sufficieη) Let (x， C')=(十 δ)-(y，η) for (x， c')EMx R， (y，η)ε 
C同 Uεv，lδ|くす Thenin view of (2x， 2c'-2δ)=(い)一(2y，2η)，(2y， 2η)ε 
Cqe<J， itfollows that二 f(2x)+2C'-2δ<1 yielding -f (x ) + C'< 1. Therewith the 
"if" part of the theorem cited (cf. Cqcダ宇の)leads up to the conclusion. 
PROOF OF (1. 0)∞(1. 5). By use of the new gauge q defined廿by
1η2 
ij(y) =刷会q(平Tμ(y)): T，μεsf m is finite} (yεK)， 
the assertion (1)特 (9)of Anger-Lembcke [26)， Theorem 3.4] answers the purpose. lndeed 
the said conditions (1) and (9) with respect to ij are respectively equivalent to (1. 0)什↑
and (1. 5). 
REMARK 3. Replacing E， FEE*， U， etc. by preordered linear topological space 
E， FEE'， O-neighbourhood U， etc. respectively， we can state and prove the topolo-
gical version of Theorem 1 (we cal this Theorem 2 corresponding to [29)， Th. 2]). The 
details are omitted. 
We close this note with the following criterion. Non-Abelian version， non-topolo 
gical version etc. thereof may be realized without difficulty. 
CRITERION. Let E be a linear toρological space. Let 1， J be disjoint index sets 
仰;thA=IUJヰo. For each AεA， letC;，be aρointed convex cone in E， K;， a linear 
subspace 01 E， and q;， a gaugeルnctionon K;，. Let M be a linear subs仰ce01 E， f a 
linear lorm on M. Suppose that Y' is an Abelian semigroup 01 linear transjormations 
onE such that T(K;，)CK;， and q;，( T(y))~q;， (y) (yεK;，)lor al Tε!f'，λεA.ln 
order t加t
(4.0) there xisおanFεE'extending f and satis.βing al 01 
(a) -qi(y-c)~F(y) whenever y-cεK;(CECi) lor iεょ
↑By this we here quot巴 (16)，(V， 5.4)] 
t K being a subspace of E， the gauge ij is well-defined 
tt For .this we owe to Cotlar-CignoJi (24)， I， 1.2]. 
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(b) F(y)-:;; qj(Y+ c) whenever y十cεKj(CE三C)for jE三]，
(c) F(T(y))=F(y)forallyεUKA， Tε2"， 
AEA 
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η2 
(~ T.μ(y)) : T.με 写m ZS戸uite}(yεKA) for eachλεA 
(4.1) Rψlace hλ(AE三IUj)by qλ(AE三A)in (4. 2) of [29)， Th. 4]. 
(4. 2) R~ρlace so in (4. 3) Qρcit. 
(4.3) Re.ρlace so in (4. 4) 0ρ'. cit. 
(4.4)" (Bauer-Namiokaかpecondition) There exists a convex O-ne忽hbourhoodV 
in'E such that -f(x) + r < 1 whenever (x， t') = (v， 0)-~_ ( -Yv，ην) 
νElnN 
-~ (yν， r;v) for (x， ~')εMxR，( ール， ην)εCんCv (νεInN)，(yν， 
LJEJnN 
ην)ECιCv (νε]nN)， vεV， where N in any finite subset of A. 
(4.5) (Anger-Lembckeかρ'econditiont) There exisおaconvex O-neighbourhood V 
in E such that the set {f(x) + ~ι(yν) : xεM，Nおanyjinite subset of 
νεN 
A， yνεKν(νεN)， x-~ yν+~ yνEV+~ Cν} ぉbounded
νElnN νEJnN νEN 
below 
PROOF. In fact， the sets C~c， (= Cq~c，) (iEI)， c，IJCj (jE三j) coincide with 
C;;，C，!I CqjCj!l respectively. So that the proofs of (4.0)コ(4.2)司 (4.1)=?(4. 0) and of 
(4.2)φ(4.3)特 (4.4)持。(4.5)are given mutatis mutandis from those of Theorem 1 and 
Corollary 3初(cf.the proof of [29)， Th. 4]). 
To prove (4. 0)特 (4.4)directly， we employ the generated convex cone: 
ベ】11Cq-，c'!I) U (1;IJ CqjCj!l)' 
and apply the Bauer-Namioka theorem 
The analogue of Anger-Lembcke [26)， Theorem 6. 3] also proves (4. 0)特 (4.5)
(Received May 18， 1978) 
References 
1) E. STIEMKE : Uber positive Lusungen homogener linearer Gleichungen. Math. Ann. 76 (1915)， 
340-342 
2) W. B. {;ARVER : System of linear inequalities. Annals of Math. (2) 23 (1922)， 212-220 
3) L. L. DIENES : Definite linear dependence. Annals of Math. 27 (1925)， 57-64 
4) S. BANACH : Sur 1巴sfonctionnelles lineaires I， Studia Math. 1 (1929)， 223-239 
5) S. MAZUR : Uber konvexe Mengen in linearen normierten Raum巴n. Studia Math. 4 (1933)， 70-84 
6) R. P. AGNEW and A. P. MORSE : Extensions of linear functionals， with applications to limits， inte 
grals， measures， and densities. Ann. of Math. (2) 39， 20-30 (1938) 
t Cf.[26)， Th. 6. 3) 
(177) 
800 Kazuo IWATA 
7) V. L KLEE : Conv巴xsets in linear sp且ces. Duke Math. J. 18 (1951)， 443-466 
8)一一一一一 lnvariant extensions of lin巴arfunctionals. Pacific J. M呂th.4 (1954)，37-46 
9) P. C. HAMMER : Maximal convex sets. Duk巴Math.J. 22 (1955)， 103-106 
10) I. NAMIOKA : P且rtialyordered linear topological spaces. Mem. Am巴r.Math. Soc. no. 24 (1957) 
11) N. DUNFORD and J. T. SCHW¥RTZ : Linear operators， Part 1， chaps. I and V. Wiley (lnterscience 
Publishers)， lnc.， New York， 1958 
12) J. L KELLEY， I. NAMIOKA and CO-AUTHORS : Linear topological spaces， chaps. 1 and 4. D. V品n
Nostrand Co. Inc.， Princ巴ton，1963 
13) R. E. EDWARDS : Functional analysis， chap. 2. Holt， Rineh旦rtand Winston， Inc.， New York， 1965 
14) BOURBAKI， N : Espaces vectoriels topologiques， chap. 1 etI. El邑mentsde math邑matlqu巴， livreV 
Hermann， Paris， 1966 
15) G. KOTHE : Topologische linear Raume， 1， ~ 16， ~ 17. Springer-Verlag， Berli凡 1966
16) H. H. SCHAEFER : Topological v巴ctorspaces， chaps I and V The Macmillan Co.， New York， 1966 
17) MATH. Soc. OF ]APAN : Iwanami Sugaku-Ziten (Encyclopedic Dictionary of Mathematics)， 2nd 
ed.， p.598. lwanami Shoten， Publish巴rs，Tokyo， 1968 
18) V. L KLEE : Separation and support properties of convex sets-a survey， control theory and the 
calculus of variations. Academic Press lnc. New York， (1969)， 235←303 
19) K IWATA : Totally ordered linear spac巴structuresand separation theorem. Hokkaido Math. ]our 
(Sapporo)， V 01. 1， NO.2 (1972)， 211-217 
20) C. E. MOORE : Concrete semispaces and lexicographic separation of convex sets. Pacific J. Math 
VoL 44， N02 (1973)， 659-670 
21) S. K BERBERIAN : Lectures in functional analysis丘ndoperator theory， ch且p.3. Springer-Verlag， 
Berlin， 1973 
22) R. LARSEN : Functional analysis; an introduction， chaps. 4， 5.Marcel Dekker， Inc.， N巴wYork， 1973 
23) K IWATA . Totally ordered linear space structures and s巴parationtheorem in real liロeartopological 
spaces. Mem. Muroran Inst， Tech. VoL 8， No.l (1973)， 43-48 
24) M. COTLAR and R. CIGNOLI : An introduction to functional analysis. chap. I1， 1， 2.North-Holland 
Pub. Co.， Amsterdam， The Netherlands， 1974 
25) B. ANGER and J. LEMBCKE : Hahn-Banach type extension theorems for hypolinear function旦ls
Math. Ann. 209 (1974)， 127-151 
26)一一一一一 Hahn-Banach type theorems for hypolinear functionals on preordered topological 
V巴ctorspaces. Pacific J. Math. VoL 54， NO.l (1974)， 13-33 
27) K. IWATA: Totally ordered linear space structur巴sand Halm-Ban呂chtype巴xtensiontheorem 
Mem. Muroran Inst. Tech. VoL 8， NO.2 (1974)， 429-434 
28) .---: Totally ord日redlin巴arspace structures and extension theorems. Mem. Muroran Inst 
T巴ch.VoL 8， NO.3 (1976)，737-744 
29) 一一一一-• A supplement on the paper "Totally ordered linear space structures and extension 




On the Cutting Mechanism of bcc Metal Single Crystals 
Hidemi Yamamura and Kazuyuki Kikuchi 
Abstract 
Many works have been done on the cutting mechanism of polycrystalline metals， but a few works were 
reported on the cutting mechanism of single crystal which involved plastic anisotropies due to the crystal 
structures and orient呂tions.
To investigate the influence of crystal orientations on the cutting forces and the chip formations， Fe-3 
1/2% Si alloy single crystal was cut two dimensionally. The cutting forces and the shear angles were deter 
mined as a function of the angle (8) abcut the normal to the side plane. For the crystal orientations with the 
maximum and minimum cutting forces， the distributions of cystal rotation angles and slip traces in the shear 
zones were observed. The slip mechanism in the cutting process is discussed， and following results are 
obtained 
1. The cutting forces change periodically with the angle 8， but they invert the phase with the shear angles 
The maximum value in the force (A) is about 4 times that of the minimum (B) 
2. Tl児科 (βα) relationship is out of the solution by Merchant or Lee-Shaffer 
3. In the case of (A)， the narrow plastic zone agrees well to th巴simpleshear model 
4. No quantitative relation is obtained between the rotational angle and the displacement and the stress， 



















































図-2 単結晶試料の面方位 図-3 各試料角における切自IJ方向













で決定し，これを試料角 θの基準とし，切削抵抗の最小 (θ=1l2S)，最大 (θ=157S)となる
結晶方位を 1.2x 20 x 30 mmに切り出し，その試料側面にθ=1l2Sの場合横線間隔=0.05
mm，縦線間隔ニ0.06mm，。ニ157.5。の場合横線間隔二0.08mm，縦線間隔ニ0.16mmの方形






表-2日=30。におけるFp，FQ，t2，ム九九μ，β，rの値 表-3α=15。における Fp，FQ，l 2，1; Ts，as，μ，β，rの値
。14' 36.5。 59' 81.5' ;04' 126.5' 149' 171. 5' 。14。 36.5' 59' 81.5' 104' 126.5' 149' 171. 5 
Fp 12.76 24.86 27.06 42.90 16.72 22.22 42.90 37.18 kg Fp 23.76 31.46 38.94 50.38 22.44 29.48 56 10 56.10 
Fhg o 6.15 8.40 8.40 14.70 6.90 9.45 7.80 9.75 FQ 15.75 16.35 17.70 25.35 12.30 15.60 25.35 24.00 
!~ 0.158 0.158 0.164 0.305 0.141 0.148 0.360 0.351 12 0.181 0.183 0.208 0.465 0.158 0.181 0.445 0.496 
争 40' 46' 40' 46' 39固 11'19・48'45' 46' 43' 35' 16' 29' 16' 58' deg 品 32' 49' 32' 27' 28' 46' 13' 07' 37' 10' 32" 49' 13' 23' ]]' 58' 
τ， 
30.72 72.56 82.49 ，. 99.98 40.18 54.98 92.13 
m胆
79.57 r， 29.40 79.53 102.76 81.94 52.63 73.66 93.80 86.08 
σs 
'" 70.68 122.94 124.35 80.16 100.41 127.18 46.53 49.10 m柑 σ2 11 7.93 137.35 137.30 68.34 117.56 131. 35 72.43 60.53 
μ 1.47 1. 12 1.08 1.00 1.30 1.33 0.87 0.99 μ 1.13 0.915 0.82 0.89 0.96 0.93 0.82 079 
β 55' 47' 48' 15' 47' 13' 45' 00' 52' 26' 54'04' 41'02' 44' 43' 
d" 
β48'30' 42' 28' 39'22' 41' 41' 43' 50' 42' 56' 39' 22' 38' 19' 





14' 36.5' 59' 81.5" 104固 126.5' 149' 171.5' 
Fp 87.12 66.88 84.48 66.00 36.96 49.28 69.52 55.44 

















o 21.5 45 ~7.5 90 112.5 135 1575 1凶 献料免の













o 22.5 45 67.5 90 112.5 135 157.5 180 試料角仁つ
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(a)切りくずに生ずる転位 (X75) (bff部に強い主すべり線がみえる (X375)
(c)転位ピソトによるすくい面 (d)新切削面に生ずるすべり線(x75) 
摩擦効果とせん断面(X75) 




(a).せん断領域における転位の集積 (X50) (b)切りくずに生じる転位(X37.5) 
(cXa)の拡大 (X100) (d)せん断領域におけるすべり線と転位 (X375)
変形帯(黒い稿部分)は極端な方位の違いを示す




われる。それゆえ濃淡の強いすべり線についてその方位を測定した結果， θ=112.5'では 1110f 
























なるためと考えてみる。 bcc金属のすべり面は， 1 110 f， 1 112 f， 1 123 f面の 3種類であ
る。本実験試料の切削抵抗最小である θニ112.5"では切りくず生成機構には 1110fのみが作
動し，また切削抵抗最大である θ=157.5"では関与するすべりに優先性が乏しく， 1110 fおよ
び 1112f面が同程度関与し，その変形機構が複雑で、あることを明らかにした。
変形に関与するすべ 1)系が単純であれは、あるほど，その系の作動の優先性が強く，切削抵抗
は小きい。試料側面は 1210 f面で，切りくず生成機構に関与するすべリ面は主として 1110f 
面である。 1110f面のすべり系は方向をも含めると 12種類存在するか，切削方向は試料角 θ









。， < 8 < 90'に 1110f面が一つしか存在しないときはその 1110f面だけが優先的に作
動し，切削抵抗は小さくなる 0' < 8 < 90'に 1110f面が存在しない場合は， 1 112 f ， 
1123 f面などの他のすべり面がすべりに関与し始め， 多重すベリ等をおこし切削抵抗が大き
くなると考えられる。





図-12 方位ピットにおける切削方向 図-13 切削方向と 1110I面の位置
示す。上述の考え方により切削抵抗の変動を以下に検討した。






11.θ= 157.5'の場合 00 < 8 < 90。にある 1110f面は， (011)， (101)， (I01)の3種
類あるが，このうち(101)， (101)面は試料側面法線からの傾きが大きしたとえすべりがお
こったとしても sideflowとなるであろう。それゆえ可能なすべり面は (011)面のみであり，
この面の切削方向に対する傾きは 8=67.5'十900+450 ~ 1800=22.5。となり， 8=112.5。の場合
と同様すべり易いという結果になり，図 11の結晶回転は説明できない。
上述の切削方向を変形荷重方向とした考え方では切削抵抗大なる場合に現象を説明できな
い。そこですくい面に垂直な方向を変形荷重方向として検討してみる。 θニ112.5。では， 00 < 
8 < 90。の範囲に (011)，(101)， (101)面の 3種類が存在する。このうち(101)， (101)面は
前述の理由により除外され (011)面が優先的なすべりをおこすと考えられる。きて， (011)面
と変形荷重方向のなす角は 8=45。一 (300~22 .5')ニ 37.5。となり強い優先性をもち，切削抵抗
が最小となると考えられる。





動する度合も大きくなることを示し， double slipを生じている説明にもなる。この場合， (011) 
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Colorimetric determination of manganese 
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